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TI Sales Offices 


ALABAMA: Huntsville, 4717 University Dr., Suite 101, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix, P.O. Box 35160, 8102 N. 23rd Ave., 
Suite A, Phoenix, AZ 85069, (602) 249-1313. 


CALIFORNIA: Costa Mesa, 3186J Airway, Costa Mesa, CA 
92626, (714) 540-7311: El Segundo, 831 S. Douglas St.. El 
Segundo, CA 90245, (213) 973-2571: San Diego, 4333 View 
Ridge Ave., Suite B., San Diego, CA 92123, (714) 
278-9600: Sunnyvale, P.O. Box 9064, 776 Palomar Ave., 
Sunnyvale, CA 94086, (408) 732-1840 


COLORADO: Denver, 9725 E. Hampden St., Suite 301, 
Denver, CO 80231, (303) 751-1780. 


CONNECTICUT: Hamden, 2405 Whitney Ave., Hamden, CT 
06518, (203) 281-0074. 


FLORIDA: Clearwater, 2280 U.S. Hwy. 19 N., Suite 232, 
Clearwater, FL 33515, (813) 725-1861. Ft. Lauderdale, 4600 
W. Commercial Blvd., Ft. Lauderdale, FL 33319, (305) 
733-3300; Winter Park, 1850 Lee Rd.. Suite 115, Winter 
Park, FL 32789, (305) 644-3535. 


GEORGIA: Atlanta, 3300 Northeast Expy., Suite 9, Atlanta, GA 
30341, (404) 452-4600. 


ILLINOIS: Arlington Heights, 515 W. Algonquin, Arlington 
Heights, IL 60005, (312) 640-3000 


INDIANA: Ft. Wayne, 2020 Inwood Dr., Ft. Wayne, IN 46805, 
(219) 424-5174: Indianapolis, 5726 Professional Cir., Suite 
103, Indianapolis, IN 46241, (317) 248-8555. 


IOWA: Cedar Rapids, 411 Burdette Ave. #1026. Cedar 
Rapids, 1A 52404, (319) 346-1100 


MASSACHUSETTS: Waltham, 504 Totten Pond Rd., Waltham, 
MA 02154, (617) 890-7400. 


MICHIGAN: Southfield, Central Park Plaza. 26211 Central Park 
Bivd., Suite 215, Southfield, M! 48076. (313) 353-0830. 


MINNESOTA: Edina, 7625 Parklawn. Edina. MN 55435, (612) 
830-1600. 


MISSOURI: Kansas City, 8080 Ward Pkwy. Kansas City, MO 
64114, (816) 523-2500: St. Lowis, 2368 Schuetz Rd.. St. 
Louis, MO 63141, (314) 432-3333. 


NEW JERSEY: Clark, 1245 Westfield Ave.. Clark, NJ 07066, 
(201) 574-9800. 


NEW MEXICO: Albuquerque, 5907 Alice NE . Suite E, Albu- 
querque, NM 87110, (505) 265-8491 


NEW YORK: East Syracuse, 6700 Old Collamer Rd., East 
Syracuse, NY 13057, (315) 463-9291; Endicott, 112 Nanti- 
coke Ave., P.O. Box 618, Endicott. NY 13760, (607) 754- 
3900: Melville, 1 Huntington Quadrangle. Suite 1C01, 
Melville. NY 11746, (516) 293-2560: Poughkeepsie, 201 
South Ave., Poughkeepsie. NY 12601. (914) 473-2900; 
ie smee 1210 Jefferson Rd.. Rochester. NY 14623, (716) 
461-1800. 


NORTH CAROLINA: Charlotte, 1 Woodlawn Green, Woodlawn 
Rd., Charlotte, NC 28210. (704) 527-0930. Raleigh, 4130 
C.2 Camelot Or.. Raleigh, NC 27609. (919) 787-9376. 


TI Distributors 


ALABAMA: Huntsville, Hall-Mark (205 )837-8700 


ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101:R V 
Weatherford (602) 272-7144: Tempe, Marshall Industries 
(602) 968-6181 


CALIFORNIA: Anaheim, R V. Weatherford (714) 634-9600. 
Canoga Park, Marshall Industries (213) 999-5001. 
Chatsworth, JACO (213) 998-2200: Costa Mesa, TI! Supply 
(714) 979-5391. El Monte, Marshall Industries (213) 686- 
0141. El Segundo, Ti Supply (213) 973-2571. Glendale, R V 
Weatherford (213) 849-3451, Goleta, RPS (805) 964-6823. 
Irvine, Marshall Industries (714) 556-6400. Los Angeles, 
Kierulff Electronics (213) 725-0325, RPS (213) 748-1271. 
Mountain View, Time Electronics (4°5) 965-8000. Palo Alto, 
Kierulff Electronics (415) 968-6292. Pomona, R V Weather- 
ford (714) 623-1261. San Diego, Arrow Electronics (714) 
565-4800. Kierulff Electronics (714) 278-2112. Marshall In- 
dustries (714) 278-6350, R V Weatherford (714) 278-7400. 
Santa Barbara, R.V Weatherford (805) 465-8551. Sun- 
nyvale, Arrow Electronics (408) 739-3011, Marshall Indus- 
tries (408) 732-1100: TI ue! (408) 732-5555, United 
Components (408) 737-7474, Torrance, Time Electronics 
(213) 320-0880: Tustin, Kierulff Electronics (714) 731-5711 


COLORADO: Denver, Arrow Electronics (303) 758-2100. 
Diplomat/Denver, (303) 427-5544. Kierulff Electronics (303) 
371-6500: Englewood, R V Weatherford (303) 770-9762 


CONNECTICUT: Hamden, Arrow Electronics (203) 248-3801. 
Ti Supply (203) 281-4669: Orange, Milgray/Connecticut 
ou Wallingford, Wilshire Electronics (203) 


FLORIDA: Clearwater, Dip!omat/Southland (813) 443-4514, 
Ft. Lauderdale, Arrow Electronics (305) 776-7790, 
Diplomat/Ft. Lauderdale (305) 971-7160. Hall-Mark/Miami 
(305) 971-9280: Orlando, Hall-Mark/Orlando (305) 855- 
4020. Palm Bay, Arrow Electronics (305) 725-1480. 
Diplomat/Florida (305) 725-4520. St. Petersburg, Kierulff 
Electronics (813) 576-1966. Winter Park, Milgray Elec- 
tronics (305) 647-5747 


GEORGIA: Doraville, Arrow Electronics (404) 455-4054, 
Norcross, Wilshire Electronics (404) 923-5750 


ILLINOIS: Arlington Heights, Tl Supply (312) 640-2964. 
Bensonville, Hall-Mark/Chicago (312) 860-3800. Elk Grove 
Village, Kierulff Electronics (312) 640-0200. Chicago, 
Newark Electronics (312) 638-4411. Schaumburg, Arrow 
Electronics (312) 893-9420 


INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422. 
Indianapolis, Graham Electronics (317) 634-8202 


IOWA: Cedar Rapids, Deeco (319) 365-7551 


KANSAS: Lenexa, Component Specialties (913) 492-3555. 
Shawnee Mission, Hall-Mark/Kansas City (913) 888-4747 


MARYLAND: Baltimore, Arrow Electronics ae 737-1700. 
(301) 247-5200, Hall-Mark/Baltimore (301) 796-9300. Col- 
umbia, Diplomat/Maryland (301) 995-1226. Gaithersburg, 
Cramer/Washington (301) 948-0110. Rockville, 
Milgray/Washington (301) 468-6400 


MASSACHUSETTS: Billerica, Kierultf Electronics (617) 
667-8331. Burlington, Wilshire Electronics (617) 272-8200. 
Newton, Cramer/Newton (617) 969-7700 Waltham, TI 
Supply (617) 890-0510. Woburn, Arrow Electronics (617) 
933-8130 


MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220. 
Oak Park, Newark Electronics (313) 967-0600. Grand 
Rapids, Newark Electronics (616) 241-6681 


MINNESOTA: Edina, Arrow Electronics (612) 830-1800. Ply- 
mouth, Marshall Industrials (612) 559-2211 


MISSOURI: Earth City, Hall-Mark/St Louis (314) 291-5350. 
Kansas City, Component Specialties (913) 492-3555. 
LCOMP-Kansas City (816) 221-2400. St. Louis, LCOMP-St 
Lours (314) 291-6200 


NEW HAMPSHIRE: Manchester, Arrow Electronics (603) 
668-6968 


NEW JERSEY: Camden, General Radio Supply (609) 964- 
8560, Cherry Hill, Milgray/Delaware Valley (609) 424-1300. 
Clark, Tl Supply (201) 382-6400. Clifton, Wilshire Elec- 
tronics (201) 340-1900. Fairfield, Kierulff Electronics (201) 
575-6750. Moorestown, Arrow Electronics (609) 235-1900. 
Saddlebrook, Arrow Electronics (201) 797-5800 


NEW MEXICO: Albuquerque. Arrow Electronics (505) 243- 
4566. International Electronics (505) 262-2011. United 
Components (505) 345 9981 


NEW YORK: Endwell. Wilshire Electronics (607) 754-1570, 
Farmingdale, Arrow Electronics (516) 694-6800, Freeport, 
Milgray Electronics (516) 546-6000. N.J (800) 645-3986. 
Hauppauge, Arrow Electronics (516) 231-1000, JACO (516) 
273-5500. Liverpool, Cramer/ Syracuse (315) 652-1000. 
New York, Wilshire Electronics (212) 682-8707, Rochester, 
Cramer/Rochester (716) 275-0300, Rochester Radio Supply 
(716) 454-7800, Wilshire Electronics (716) 235-7620, 
Woodbury, Diplomat/Long Island (516) 921-7920 


OHIO: Beachwood, 23408 Commerce Park Rd., Beachwood, 
OH 44122, (216) 464-6100. Dayton, ee Bidg.. 4124 
Linden Ave., Dayton, OH 45432, (513) 258-3877. 


OKLAHOMA: Tulsa, 3105 E. Skelly Dr., Suite 110, Tulsa, OK 
74128, (918) 749-9548. 


OREGON: Beaverton, 10700 S.W. Beaverton Hwy., Suite 565, 
Beaverton, OR 97005, (503) 643-6759. 


PENNSYLVANIA: Ft. Washington, 575 Virginia Dr., Ft. Wash- 
ington, PA 19034, (215) 643-6450. 


TENNESSEE: Johnson City, P.O. Drawer 1255, Erwin Hwy., 
Johnson City, TN 37601, (615) 282-1100 


TEXAS: Dallas, 13531 N. Central Expressway, Suite 2700, 
Dallas, TX 75243, (214) 238-6531; Houston, 9000 Southwest 
Frwy., Suite 400, Houston, TX 77036, (713) 776-6511. 


UTAH: Salt Lake City, 3672 West 2100 South, Salt Lake City UT 
84120, (801) 973-6310. 


VIRGINIA: el 4 , Crystal Square 4, 1745 Jefferson Davis 
Hwy., Suite 600, Arlington, VA 22202, (703) 553-2200: 
Ric Heng 3930 Beulah Rd., Richmond, VA 23234, (804) 
275-8148. 


WASHINGTON: Bellevue, 700 112thN.E., Suite 10, Bellevue, 
WA 98004, (206) 455-3480. 


CANADA: St. Laurent, 945 McCaffery St., St. Laurent 
H4T1N3, Quebec, Canada, (514) 341-3232; Richmond Hill, 
280 Centre St. E., Richmond Hill L4C181, Ontario, Canada, 
(416) 884-9181. 9) 


NORTH CAROLINA: Kernersville, Arrow Electronics (919) 966- 
2039. Raleigh, Hall-Mark (919) 832-4465 


OHIO: Cleveland, T| Sup ly (216) 464-2435: Columbus, Hall- 
Mark/Ohio (614) 846-1882: Dayton, ESCO Electronics (513) 
226-1133: Marshall Industries (513) 236-8088. Kettering, 
Arrow Electronics (513) 253-9176; Reading, Arrow Elec- 
eee 761-5432. Solon, Arrow Electronics (216) 
48- : 


OKLAHOMA: Tulsa, Component Specialties (918) 664-2820. 
Hall-Mark/Tulsa (918) 835-8458: Tl Supply (918) 749-9543 


OREGON: Beaverton, Almac/Stroum Electronics (503) 641- 
9070 Milwaukie, United Components (503) 653-5940 


PENNSYLVANIA: Huntington Valley, Hall-Mark/Philadelphia 
(215) 355-7300. Pittsburgh, Arrow Electronics (412) 
351-4000 


TEXAS: Austin, Component Specialties (512) 837-8922. 
Hall-Mark/Austin (512) 837-2814, Dallas, Component Spe- 
cialties (214) 357-6511, Hall-Mark/Dallas (214) 234-7400. 
International Electronics, (214) 233-9323. Tl Supply (214) 
238-6821. El Paso, International Electronics (915) 778- 
9761, Houston, Component Specialties (713) 771-7237. 
Hall-Mark/Houston (713) 781-6100, Harrison Equipment 
(713) 652-4700: Tl Supply (713) 776-6511 


UTAH: Salt Lake City, Diplomat/Altaland (801) 486-4134. 
Kierulff Electronics (801) 973-6913 


WASHINGTON: Redmond, United Components (206) 885. 


1985. Seattle, Almac/Stroum Electronics (206) 763-2300. 
Kierulff Electronics (206) 575-4420. Tukwila, Arrow Elec- 
tronics (206) 575-0907 


WISCONSIN: Oak Creek, Arrow Electronics (414) 764-6600. 
Hall-Mark/Milwaukee (414) 761-3000. Waukesha, Kierulff 
Electronics (414) 784-8160 


CANADA: Calgary, Cam Gard Supply (403) 287-0520. Downs- 
view, CESCO Electronics (416) 661-0220. Edmonton, Cam 
Gard Supply (403) 426-1805. Halifax, Cam Gard Supply 
(902)454-8581. Kamloops,Cam Gard Supply (604) 372- 
3338. Moncton, Cam Gard Supply (506) 855-2200. Montreal, 
CESCO Electronics (514) 735-5511. Future Electronics (514) 
731-7441. Ottawa, CESCO Electronics (613) 729-5118 
Future Electronics (613) 820-8313. Quebec City, CESCO 
Electronics (418) 687-4231. Regina, Cam Gard Supply (306) 
525-1317. Saskatoon, Cam Gard Supply (306) 652-6424 
Toronto, Future Electronics (416) 663-5563. Vancouver, Cam 
Gard Supply (604) 291-1441. Future Electronics (604) 438- 
5545. Winnipeg, Cam Gard Supply (204) 786-8481 S 
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INTERCHANGEABILITY GUIDE 


PART |— ALTERNATE VENDOR PART NUMBERING (EXAMPLES) 
TEXAS INSTRUMENTS (T1) 


EXAMPLE: IMS 40L44 —20 L 


Speed Range Temperature Range 


Max Access J Cerpak L O°Cto 70°C 
—15 150 ns JD Side Braze 
—20 200 ns N Plastic Dip 
—25 250 ns : 
—30 300 ns 
—35 350 ns 
Unique Product Identification Number* —45 450ns 
* L indicates low power 
ADVANCED MICRO DEVICES (AMD) 
AM 91 C 01 A 


Speed Range 
, Vax Access 
A 500ns 
90 DRAM B 400ns 
91 SRAM C 300ns 
92 ROM D 250ns 
17/27 EPROM E 200ns 
15/28 Shift Register 


AMERICAN MICROSYSTEMS, INC. (AMI) 


S 2114 A =] 


*Can also be “L’’, usually indicates lower power and/or improved speed 


Speed Range 
owest 


Standard Device Prefix 


—2 
—3 Fastest 


TEXAS INSTRUMENTS 15 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


INTERCHANGEABILITY GUIDE 


ELECTRONIC ARRAYS, INC (EA) 


EA 8308 A 
PO EPROM 
Other ROM 
EMM/SEMI 
4014 A 
A Slow 
B Fast 
FAIRCHILD 
F 21L02 —A 


Fairchild Prefix (May be Omitted) Speed Range 
—1 (or A) Slowest 
—2 (or B) 
-3 
—4 
—5 ‘Fastest 
*Inclusion of an “’L” indicates lower power version 
FUJITSU 
MB 8224 h 
MB Fujitsu Prefix N Slowest 
MBM Industry Standard Prefix Ec 
H 
Y Fastest 
16 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 
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HITACHI 
HM 4704 —1 
HM RAN ~ astest 
HN ROM —2 
-3 
—4 Slowest 
INTEL 
2102 A L 


=e 


| 2 
=3 
—4 
—5 Slowest 


INTERSIL/AMS 


IM7 114 L ae 
oS Man Pt 


—1(-—11) Fastest 


—2(-12) 
—3 
—4 Slowest 
MOSTEK 
MK 4096 —6 
a 
Max Access 
—55 55 ns 
—70 70 ns 
—1 120 ns 
=? 150 ns 
~3 200 ns (550ns for ROMs) 
—4 250 ns 
—16 300 ns 
-11 350 ns 
—6 = 400 ns 
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MOTOROLA 


IE Memory Prefix 


MCM 


6604 AC 


=—15 


Speed Range 


Max Access 
—2 (—15) 150 ns 
—3 (—20) 200 ns 
—4 (—25) 250 ns 
—5 (—30) 300 ns 
—11 350 ns 
—6 (—45) 450 ns 
* Inclusion of an “’L” indicates low power version 
NATIONAL SEMICONDUCTOR 
MM 5280 =5 
MOS Memory Prefix Speed Range 
Max Access 

—1 500 ns 

—2 650 ns 

=a 450 ns 

—5 270 ns 


NIPPON ELECTRIC CORPORATION (NEC) 


PD 411 
A 
Mocha) 


SIGNETICS 


2660 =3 


Speed Range 
Max Access 
—1 250 ns 
-—2 200 ns 
—3 150 ns 
—4 135 ns (DRAMs) 


Speed Range 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


Fastest 


Slowest 


450 ns (SRAMs) 


INTERCHANGEABILITY GUIDE 


SYNERTEK 
SY 21 14 L 
MOS Memory Prefix 
TOSHIBA 
TMM 2147 a 
Max Access 
—1 Fastest 
—2 
—3 
—4 
—5 Slowest 
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20 
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PART Il — SECOND SOURCES* 


* Based on available published data. (Official second sourcing agreements not necessarily implied.) 
All devices listed operate over the 0°C to 70°C temperature range. 


DYNAMIC RAMS 


VENDOR PART NUMBER 


8K X 1 Left Array (0), Right Array (1) TI 
Second Sources Mostek 


Second Sources 


Tl 
Fairchild 
Fujitsu 
Hitachi 
Intel 
Intersil 
ITT 
Mostek 


Motorola 


National 
NEC 
Toshiba 


64K X 1 5 V 7! 
Second Sources Motorola 


STATIC RAMS 


TMS 4108-20 NLO or NL1 
MK 4108-40 or 41 
TMS 4116 

F 16K 

MB 8116 

HM 4716 

2117 

IM 7116 

4116 

MK 4116 

MCM 4116 

MM 5290 

uPD 416 

TMM 416 

TMS 4164 

MCM 6664 


ee VENDOR PART NUMBER 


Max Access > 150 ns 


Second Sources 


Max Access > 150 ns 


Second Sources 


Max Access > 55 ns 
Second Sources 


TI 

Intersil 
National SC 
Tl 

AMD 

AMI 
EMM/SEMI 
Fujitsu 
Hitachi 
Intel 
Intersil 
National SC 
NEC 
Synertek 
aie 

AMD 

AMI 

Fujitsu 
Hitachi 
Intel 
Mostek 
Motorola 
National SC 
NEC 
Toshiba 


TMS 4044/TMS 40L44 
IM 7141/1IM 7141L 

MM 5257/MM 5257L 
TMS 2114/TMS 2114L 
AM 9114/AM 91L14 
$2114/S2114L/S2114A 
2114 

MB 8114 


“HM 472114 


2114/2114L 

IM 7114/1IM 7114L 
MM 2114/MM 2114L 
uPD 2114L 

SY 2114/SY 2114L 
TMS 2147/TMS 21L47 
AM 9147 

$2147 

MBM 2147 

HM 6147/HM 6147L 
2147/2147L 

MK 2147 

MCM 2147 

MM 2147 

“PD 4104 

TMM 2147 


LE A TS Te EL TT SS TE IE EE SE I I TG TT I TIE TE TET 
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STATIC RAMS (continued) 


Sans 
Second Sources Anticipated in 1980 . 

Max Access > 150 ns TI TMS 4016 
Second Sources Toshiba TCG 5516P 


EPROMS | 


1K X8 Max Access 350 ns/450 ns Tl TMS 2708/TMS 27L08 
3 Supply Second Sources AMD AM 2708 
EA EA 2708 
Fairchild 2708 
Fujitsu MB 8518H 
Hitachi HN 462708 
Intel 2708/2708L 
Motorola MCM 2708 
National SC MM 2708 
Signetics 2708 


1K X8 Max Access > 250 ns Tl TMS 2508 
5V Second Sources Anticipated in 1980 


1K X8 Max Access 450 ns Ti TMS 2758 
2K X8 Max Access 450 ns Tl TMS 2716 


2K X8 Max Access 350 ns/450 ns Tl TMS 2516 


5V Second Sources AMD 2716 
AMI $4716 
Fujitsu MBM 2716 
Hitachi HN 462716 


Intel 2716 


Mostek MK 2716 
Motorola MCM 2716A 
National MM 2716 
NEC uPD 2716 
Signetics | 2716 
Synertek SY 2716 


Toshiba TMM 323 
ia TMS 2532/TMS 25L32 
Hitachi HN 462732 

Motorola MCM 2532 


8K X8 Max Access 450 ns Ti TMS 2564 
5V Second Sources Anticipated in 1980 


Max Access 450 ns 


Second Sources 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 


AUGUST 1979 


e 8,192 X 1 Organization 
16-PIN PLASTIC 
© 10% Tolerance on All Supplies DUAL-IN-LINE PACKAGE 
¢ All Inputs Including Clocks TTL-Compatible roe View) 
e Unlatched Three-State Fully TTL-Compatible v 
BB 1 16 Vss 
Output 
e 3 Performance Ranges: = = a 
ACCESS ACCESS READ READ, Ww 3 14 8 #@ 
TIME TIME OR MODIFY- ___ 
ROW COLUMN WRITE WRITEt RAS 4 13. AG 
ADDRESS ADDRESS’ CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) ~~ 2 12 AS 
TMS 4108-15 150 ns 100 ns 375 ns 375 ns A2 6 1 «Aa 
TMS 4108-20 200 ns 135 ns 375 ns 375 ns 
TMS 4108-25 250 ns 165 ns 410 ns 515 ns Al 7 10 A5 
e P 7 s s = 
age-Mode Operation for Faster Access Time Vpp 8 9 Voc 


© Common I/O Capability with “Early Write’’ 
Feature 


@ Low-Power Dissipation 


— Operating . . . 462 mW (max) 
os Standby ...20 mW (max) Address Inputs Write Enable 
: ™ Col dd trob —5-V | 
e@ 1-T Cell Design, N-Channel Silicon-Gate 7 rar gained minnie 
Technology ata input +5-V power supply 


Data output +12-V power supply 


0 V ground 


Row address strobe 


@ 16-Pin 300-Mil (7,62 mm) Package Configuration | RAS 
description 


The TMS 4108 series is composed of monolithic high-speed Dynamic 8,192-bit MOS random-access memories organized 
as 8,192 one-bit words and employing single-transistor storage cells and N-channel silicon-gate technology. 


All input and outputs are compatible with Series 74 TTL circuits including clocks, Row Address Strobe (RAS or R), 
and Column Address Strobe (CAS or C). All address lines (AO through A6) and the data input (D) are latched on chip 
to simplify system design. Data out (Q) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (VCC is not required during 
standby operation). To retain data, only 10 milliwatts average power is required which includes the power consumed to 
refresh the contents of the memory. 


There are two array-select versions of the TMS 4108, each offered in the three speed ranges indicated above and in plastic 
(NL suffix) packaging only. The left-array version is indicated by “0” following the type number (e.g., TMS 4108-15 NLO) 
and the right-array version is indicated by ‘'1”’ (e.g., TMS 4108-25 NL1). Each 8K X 1 version is in a 16- -pin dual-in-line 
package rated for operation from 0°C to 70°C. 


’ 


operation 
address (AO through A6) 


Thirteen address bits are required to decode 1 of 8,192 storage cell locations. Seven row-address bits are set up on pins 
AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are set 
up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). If the type number is 
followed by a “0”, then column address input AO must always be at VIL; if it is followed ed by a ‘’1’’, column address AO 
must always be at Vj. All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to 
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating 
the column decoder and the input and output buffers. 


TThe term “‘read-write cycle’’ is sometimes used as an alternative title to “'read-modify-write cycle’’, 
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TMS 4108 NL 
8,192-BIT DYNAMIC RANDOM-ACCESS MEMORY 


a 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode, and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (D) 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS, and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by Ww 
with setup and hold times referenced to this signal. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to set up and strobe sequential row addresses on the same page 

is eliminated. To extend beyond the 64 column locations on a single RAM, the row address and RAS is applied to 
multiple 8K RAMs. CAS is decoded to select the proper RAM. 


power-up 


VBB must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vgg supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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functional block diagram 


CAS TIMING & CONTROL 


A6 
fn aes (4) MEMORY ARRAY 


Moss 
as —{I 
A2 a 
io 
ee 
128 SENSE — REFRESH OUT 
AMPS REG. 
COLUMN 
ADDRESS 
BUFFERS 
(%) MEMORY ARRAY 
DECODE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 
Voltage on any pin (see Note 1) ok e 4 Soe ae es oe | e Wo & 2 we » &. & » » SOS POC0V 
Voltage on Vcc, Vpp supplies with respect toVss . . ww we = 1 tO 15 V 
- Short circuit output current i ee ew, a go fh we w & we = & & do & &» &« « » » BOMA 
Power dissipation ‘££ 6 » & @ 4 « & w & we & & &@ & oe we Se eS we we es 2 2c TA 
Operating free-air temperature range ik # we ee ee ee ee mS Bee oe ew, o OCtO7O 6 
Storage temperature range Lee @ & & @ Be e « wo & we & ow & @ » « « S65 Cie 150 C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgp (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgc. 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


MIN NOM MAX [UNIT 

[Supply voltage, Vgg_C—=“‘“CSCS*~*~*~*~*~*~*S*S*S*S™S™S™S™S™SOSOOOOOOOCOCOCOCSC“‘(‘ONNN PO 
All inputs except RAS, CAS, WRITE 

[Refresh time trefresh Ss CC“‘CSCOC#*‘“‘SNSNSNCOWC“CN’YNWN’SW’'SSS“ ws 


TThe algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels and time 


intervals. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETERS TEST CONDITIONS MIN TYPt MAX |UNIT 
VOH High-level output voltage Tign=-5mAC“‘iL kw Ud 
Vou __Lowrlevel output voltage PT ton=a2ma 


| Input t (leakage) a ee +10 | yA 
a + 
SOG ie ner a All other pins = 0 V except Veg = —5 V ‘i 
| Vo =0to5.5V, 
+10 A 
lo Output current (leakage) CAS high 


IpB1 Average operating current 
vy 


| 50200 | 
eee 
[8 
[10 100_ 


Bie 


during read or write Minimum cycle time 


cycle 


[OS 18 | 


After 1 memory cycle 


Standby current RAS and CAS 
high 


Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 


uA 


ow 
rae 
re 
re 
ru 


Average refresh current 


ee 
20 27 


*Vcc is applied only to the output buffer, so |cc depends on output loading. Output loading is two standard TTL loads. 


Average page-mode 
current 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER TYPt MAX | UNIT 


Ci(A) Input capacitance, address inputs lf 4 5 | pF | 
Ci(D) Input capacitance, data input | 4... 8 |-pe 2 
Ci(RC) Input capacitance, strobe inputs | 3 10 | pF | 
Ci(w) Input capacitance, write enable input 


Co Output capacitance | 5 7 | pF 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


ALTERNATE]! TMS 4116-15 | TMS 4116-20 | TMS 4116-25 
PARAMETER TEST CONDITIONS UNIT 
symBoL_[ MIN MAX [MIN MAX | MIN MAX. 
Access time from Cy = 100 pF, 
ta(C) _ ; tCAC 
column address strobe Load = 2 Series 74 TTL gates 


Access time from 


t 
a(R) row address strobe 


tRLCL = MAX, 
Load = 2 Series 74 TTL gates 
Load = 2 Series 74 TTL gates 


Tan typical values are at Ta = 25°C and nominal supply voltages. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALTERNATE TMS 4108-15 | TMS 4108-20] TMS 4108-25 


tc{W) Write cycle time 
tc(RW) __Reed-modlfy-writeevete time a 


Pulse width, column address strobe high 


PARAMETER 


= 
~ 
i=) 


tc(P) Page mode cycle time | 


ie) 
“J 
on 


t 
wi(CH) (precharge time) 


tw(CL) Pulse width, column address strobe low 


ie) 

~ 

oO 
(e*) 
SJ 
ol 


100 10,000} 135 10,000] 165 10,000 


+ = ct 
D i?) QO 
v > uv 

”n 

N 

fo) 


Pulse width, row address strobe high 


= 
5 
= 


(precharge time) 


tw(RL) Pulse width, row address strobe low 150 10,000 
Write pulse width twp 

Transition times (rise and fall) for RAS and CAS 35 

tsu(AC) Column address setup time | tasc | -10t =f t0f 

Row address setup time | tase | o | oo | 

Read command setup time | tres [| oOo | 

Write command setup time before CAS high a 

Write command setup time before RAS high RT es 

teal 

a 


200 10,000} 250 10,00 


a 
= 
= 

ol 
o 

~s 

oi 


Cand 
4 


Cae ee ed 
na in Io 
Ele le 
= 

a |Ol> 
— | | 


fot 


oe 
na 
= 
= 
i?) 
= 


ot 
“a 
= 
= 
D 
= 


~~ 
o 


ol 


~ 


Column address hold time after CAS low 
Row address hold time 


Column address hold time after RAS low taR 


+ 
> 
ie) 
= 
= 


faa 
Zs 
D 
= 


ot 
a 
D 
[~ 
a 


ad 
?) 
n 
ak 


th(RLC) CAS hold time after RAS low 200 


Data hold time after CAS low tpH 


Data hold time after RAS low | tonR [| 9 | 
Data hold time after W low tDH | 45 


ot 

=> 

?) 

[~ 

= 
—= 
i) 


~ 
or 


th(rd) Read command hold time 
Write command hold time after CAS low 


Write command hold time after RAS low twcR 


Delay time, column address strobe high to 
t t —20t —20T —20t 


Delay time, column address strobe low to 
*CLRH row address strobe high "RSH 
oe Delay time, column address strobe low to W low _ 
(read, modify-write cycle only) 


Refresh time interval tREF 


a ot o 
xis 
=| 
7 {fT 
2/2 


= 
a 
QO 
[- 
= 


~ 


= 
NO 


faa 
Zs 
D 
[— 
= 


= 
W 
oO 


Load 

D 

O 

0 

N ~ 

° o 

ol 

° N 

N 

oO 

ald 

o N 
_ 
ol 

N 


2 


Delay time, row address strobe low to column 
tRLCL address strobe low (maximum value specified 


only to guarantee access time) 
Delay time, row address strobe low to W low 


tRLWL 


(read, modify-write cycle only) 
Delay time, W low to column address strobe 


= hee 
(@) 
” = 
oO 
Ne x 
N 
So 1 6 
ug x 
oO 
2 | oS 
a AP sag 
© 
2] 8 


tWLCL 


low (early write cycle) 


tThe algebraic convention where the more negative limit is designated.as minimum is used on this data sheet for logic voltage levels and time 


invervals. 
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a 


read cycle timing 


4) 

| 

eee eet | 
, tw(RL) } 


Ps] 
” 


| 
k——te_rH——>1 twin) 1 
tRLcL —> = twict —>| |x— tcornt— 


a 


>| 
” 
< 
- x 


| 
lj | | 
>| yotslar) | wc) 7 


| = }*——th(RLA)}+—> | 
th(RA) > I | | | 
byt oT psy ttact | 


Vv VV (/\) mM VAVAVAaY: ; V\/ 
ADDRESSES c XX) x) court XXX DON'T Cake XX) 


| | 
7 tsu(rad) > | 
H 
WE RXTE 
Vit | | 
| K— ta(c) —e | 
| Letpxz > 


*For Column Address: 
AO must be at Vj; for TMS 4108-0 
AO must be at Vyyy for TMS 4108-1 


Te 
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early write cycle timing 


a ee 


: + wi rt) ————+ | . 


| 
— ViH | 
RAS 
VIL | | 
t —~ 
tery —— t+ tw(RH) | 


| 
| | 
K-tRice 7 ht—tcHRL— 


| 
| 
ee | 
—_ ViH wien 
CAS | | ) 
VIL 
tan : —>| p—tulac) | twice 
ah kid css | 
thiRA) be th(CLa) | 
mae att | 
ADDRESSES 
= Me 
| LT en —t | 
| ~<———— tsu(WRH)-——> 
eles & (conte 
Wee | | ne, 
Ww | 
VIL i 
| tw) 
| /K——+— th(wLD) —> 
| | 
| h—thicLD)—>| 
vi [$$ tht.) ———> 
AV, ay a8, A K/ - AV 
ERT ERIXON vawonm TPN 
VIL (\ . xX : XXX [\ XX 
—>| K— tsu(D) 
VOH 
re) HI-Z 
VOL 
*FEor Column Address: 
AO must be at Vie for TMS 4108-0 
AO must be at Vjy for TMS 4108-1 
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write cycle timing 


| 
__ ViH | 
RAS ViL 7 ; | 
| ! a | twirl 
! tric —> iiliagia al 
| 
oo tine 
Y tulan) tee! | >| > tsulAc) | wie 
: | I+——*h(RLA) 9 | | 
th(RA) | | ft trical | { 
VIH FW KY = (A VVY 
nooneses " (RY wow OK core XN BOTTEBE KIND 
| | jg —tgu(woH)—— | 
| | L+ ——tsu(WRH}——H 
th LW) >} | 
| K+ thicLw) —> | 
= ViH AAA WAVAVAV, X\\ bout cane xX KX 
W i XZ 200 cane OMA AXXKKDON'T CARE XXX 
| |) tw) | 
| | | i “ | 
| | + "R(WLD) >} 
| th(CcLD) ——> | 
' As i. ea: l 
1H KAA : WAV AN YYYX) DON'T CARE XXX 
D Ox bont care XX) OOK, Donir care XXX 
| 


VIL 


| | 
cg I tut) | 


~+— tpzx ee —+| le tpxz 


VOH 


Q (| NOTVALID }) 


VOL 


*Eor Column Address: 
AO must be at Vj; for TMS 4108-0 
AO must be at Vj, for TMS 4108-1 
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read-write/read-modify-write cycle timing 


ANCE a. AER ee 


_ Vi 
RAS | a... ies 
4 ! ! 
| | ee ee [+ tw(RH) > 
| ee ee ee te tcHAL 
| 


ome ViH | | 
CAS | : 
| 
Vin | | | I | 
| Cee Tee | Le twice . 
| }~——»1. th(RA) inca | , 
y —+| teu (ar) << eamel| | 
ADDRESSES a 
ViL 
| inet | a aera i 
/*— tsu(WRH) 4 
be tht) $$ 7 | 
| | eens) mamas | 
' | | — tcLwe——4_ >" 
1H , — 
WEY fauna TSS 
w DON’T CARE | DON’T CARE 
VIL [\ X\ (X ) 
e nen, at 
=< wwro) ——1_____ | 
}« ——thicto) ++ : 
Vv | | H- tsu(D) | 
IH 
PARK ERXRRIIE no 


| 
- aco exz> 


| 
| 
| 
VOH | 

Q HI-Z VALID DATA 
VOL | | 

| 
ta(C) 
“For Column Address: 


AO must be at V;,;_ for TMS 4108-0 
AO must be at Vj; for TMS 4108-1 
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page-mode read cycle timing 


L-SOLv SW 1045 HI, 1e aq isnw OW 
O-80Lv SW 405 TA ye aq isnw OW 


sseuppy UWWNIOD 104. 


es © 
te—e{ | 
a | 
| OI 
| | 
| | . 
| | - 
$0 aia — 
| | | 
| 1 | 
EEE NW arava ERE EN sassauav 
| 
| nm ej | an | cow) le | rim 
. | | | | 
| | | | rt | 
| oats: . | prot hee | | aa | aa : Levu 
| 
| | | TIA svo 
| | | 
| 1199) a (19) —m ) | La —(10)5 , i | oe 
| | 
p< THHOa > | (HO)My pe} i aaa | 
| 
| 
| Wa 
sv 
Hla 
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page-mode write cycle timing 


L-80Lb SWL 103 HI, 1e aq isnw OY 
O-80Lv SWL 405 TIA 1e aq isnw OY 


:sseippYy ULUN[OD 4104 


/_— (1a), 
— 


| (WD)4 | 


__4 


\/ ) 
‘\ f\ AVA Hin 
| ly | | 
(aM); | | 
| i Le-iayns, 
(AA) eee | | 
WAVAV, = Ma 
XY 3uV9 LNOG (Y"aHVD L.NOG 
(VV {\ = Hi, 
| | 
sidegies |<—(Hom)ns, LJ OM) MS, joy 
L.—(Homns,—_p | l | | | | I | 
| [| | P | l [P+ (M14) 4, — 
bq (HM) NS, 
7 n | (M19)44| . wo) <a | 
| | 
W 
VV VAVAVAVAVAVAVAY, ", N' A 
eRe Xe ED 
AA ALAA K / HI, 
" | 
| (ov)ns, ll | (owns, Ly (uy)ns, 
l 2d | | aa | oles 
I l 
| (V19)4y | | (wrap, | —I piven 
| | 
| WA 
| 
Hla 
Leta) __ 9] . be — (194 —wy | ) | 
| l | 
(HO) fg TOT | | 
| | | 
aE ee | | 
pe (HE) Mg hg ————(971H) 4 
| | | Ta 
Hig 


fom mama (py, =“ 


is 


sassayqqav 


svo 


* 
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RAS-only refresh timing 


ADDRESSES 


R/W 


[+ —___—tefrqy 


| 
ao | 


VIL | | | 
! | + tw(RH) > 
| | 
I 
| | 

NOES NOATIN, 
COR ONNNGE 

\ | 

| pea 
pt tsu(AR) >} | | 


XPT EN ROM KX BOM CBRE KK 


XXA Xone cane OOK 


ViH 


ViL 


ViH 


ViL 


ViH 


KKK GE SE KKK KKK KEKE KEN 


VIL 


VOH 


VOL 
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SSS SSS 


CYCLE RATE (& TIME) VS TEMPERATURE CYCLE RATE (& TIME) vs MAX SUPPLY 
CURRENT, Inn 
te(rd) — Cycle Time — ns te(rd) — Cycle Time — ns 
375 


1000 500 400 300 250 


60 


30mMA 


Ta — Free Air Temp — °C 


0 1 2 3 4 


10° /te(rd) — Cycle Rate — MHz 


10mA 


'DD1(MAX) — Supply Current — mA 


10° /te(rg) — Cycle Rate — MHz 


CYCLE RATE (& TIME) vs MAX SUPPLY PAGE-MODE CYCLE RATE (& TIME) vs 
CURRENT, Inp3 MAX SUPPLY CURRENT, Ippq4 


te(rd) — Cycle Time — ns 


50mA 1000 500 400 300 # 250 


1000 500 400 300 250 


50mA 


Fern 40mA 


30mA 30mA 


Raia 20mA 


IDD 3(MAX) — Supply Current — mA 
IpD4(MAX) — Supply Current — mA 


10mA 10mA 
ol 
ae 
optlitt | 0 
) 1 2 3 4 
10° /te(rd) — Cycle Rate — MHz 103/te(p) — Page-Mode Cycle Rate — MHz 
PRINTED IN U.S.A. 
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OCTOBER 1977 


oe ene OLganeavlon 16-PIN CERAMIC AND PLASTIC 
e 10% Tolerance on All Supplies DUAL-IN-LINE PACKAGES 
; : (TOP VIEW) 
e All Inputs Including Clocks TT L-Compatible 
e Unlatched Three-State Fully TTL-Compatible Ves 16 Ves 
Output i 
D 2 15 CAS 
e 3 Performance Ranges: . 
ACCESS ACCESS READ READ, Ww 3 14 #@Q 
TIME TIME OR MODIFY- __ 
ROW COLUMN WRITE WRITet RAS 4 13 AG 
ADDRESS ADDRESS’ CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN)  S 12 AB 
TMS 4116-15 150 ns 100 ns 375 ns 375 ns A2 6 a Aa 
TMS 4116-20 200 ns 135 ns 375 ns 375 ns 
TMS 4116-25 250 ns 165 ns 410 ns 515 ns Al 7 10 AS 
e Page-Mode Operation for Faster Access Time Vpp 8 ‘ee 


@ Common I/O Capability with ‘Early Write’ 
Feature 


e Low-Power Dissipation 
— Operating 462 mW (max) 


— Standby 20 mW (max) Address Inputs Write Enable 
: e Column address strobe —5-V power supply 
e 1-T Cell Design, N-Channel Silicon-Gate Dwiainpat ea canesicsy 
Technology Data output +12-V power supply 
e 16-Pin 300-Mil (7.62 mm) Package Configuration Row address strobe 0 V ground 
description 


The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories 
organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology. 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS (or R) 
and Column Address Strobe CAS (or C). All address lines (AO through A6) and data-in (D) are latched on chip to 
simplify system design. Data out (Q) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (Vcc is not required during 
standby operation). To retain data, only 10 milliwatts average power is required which includes the power consumed to 
refresh the contents of the memory. 


The TMS 4116 series is offered in 16-pin dual-in-line sidebraze (JDL suffix), and plastic (NL suffix) packages and is 
guaranteed for operation from O°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300-mil 
(7.62 mm) centers. 


operation 


address (AO through A6) 


Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on 
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are 
set up on pins AO through A6 and latched onto the chip by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 


TThe term “‘read-write cycle’’ is sometimes used as an alternative title to ‘‘read-modify-write cycle’”’. 
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a 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (D) 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by W 
with setup and hold times referenced to this signal. 


data-out (Q) 


The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses on the same page 
is eliminated. To extend beyond the 128 column locations on a single RAM, the row address and RAS is applied to 
multiple 16K RAMs CAS is decoded to select the proper RAM. 


power-up 


VBB must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vgp supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 
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functional block diagram 


CAS TIMING & CONTROL 


(%) MEMORY ARRAY 


(4) 1 OF 64 COLUMN DECODE 10 
Bile 


DATA 
128 SENSE — REFRESH OUT 
AMPS REG. 
COLUMN (%) 1 OF 64 COLUMN DECODE 
ADDRESS Pe SSSCSéUMMY CELLS 
BUFFERS 
(%) MEMORY ARRAY 
(7) DECODE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 
Voltage onany pin({seeNote1) . 2. - ee ee ee ee ee ee ee ee 60,5 to 20 V 
Voltage on Vcc, Vpp supplies with respecttoVsg «we ee ee ee ee eee HT tO TEV 
Short circuit output current (eee ee ene ewe £8 Sh ee eek ee ee ee ee 
Power dissipation a a a Oe ea 
Operating free-air temperature range «ose eee ot Bw eee eee oe eS OCO70-C 
Storage temperature range Ce ke eee we ee ek ee ee ee ee 665°C to 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Veg (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgs. 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


Supply voltage, Vss , 
All inputs except RAS, CAS, WRITE 
AS, CAS, WRITE 2.7 7 


Low-level input voltage, Vj —1 0 0.8 V 
Refresh time trefresh—SSCC“‘“‘SCSSSSSCSCSCSC“‘“COSSCOCSCSCSCSCSCSCSCSSSSSYSCS 
Operating free-air temperature, Ta 


High-level input voltage, Vjy 


2 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETERS TEST CONDITIONS MIN TYPt MAX | UNIT 
VoH High-level output voltage Plo =-SmA 


VOL Low-level output voltage loL =4.2mA 


Vi; =OVto7V, 

I Input current (leakage) LA 
All other pins = 0 V except Vag = —5 V 
Vo =0to5.5V, 

Output t (leak 


IBB1 Average operating current 50 200 


during read or write Minimum cycle time 


cycle 


After 1 memory cycle 
RAS and CAS 

high 
Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 


Standby current 


Average refresh current 


Average page-mode 
current 


*Vcc is applied only to the output buffer, so lec depends on output loading. 
** Output loading two standard TTL loads. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER TYPt MAX | UNIT 


Ci(A) Input capacitance, address inputs rae 
Ci(D) Input capacitance, data input fag | 
Ci(RC) Input capacitance, strobe inputs L eto. | 
Ci(w) Input capacitance, write enable input el 4G. | 
Co Output capacitance 


Access time from CL = 100 pF, 


t ‘ 
a(C} column address strobe Load = 2 Series 74 TTL gates 


tRLCL = MAX, 


Access time from 
ta(R) C. = 100 pF 


ddirase-trob 
Pen ees Load = 2 Series 74 TTL gates 


Output disable ti ie Oe 
t 
tPXZ ean Pr eae wee Load = 2 Series 74 TTL gates 


TAN typical values are at Ta = 25°C and nominal supply voltages. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TMS 4116-15 | TMS 4116-20 | TMS 4116-25 
PARAMETER UNIT 
symeoL | MIN MAX | MIN MAX | MIN MAX | 


te(W) Write cycle time 375 [375 ~—Si(idT 410——sds ns 
tRWe 375 375 


QO 


, Pulse width, column address strobe high , 
w(CH) (precharge time) 


tw(CL) Pulse width, column address strobe low tCAS 100 10,000} 135 10,000] 165 10,000 


vias Pulse width, row address strobe high ‘ap 100 120 
(precharge time) 

:WP 7 

17 3 50 


aa Transition times (rise and fall) for RAS and CAS | 3-50] 


5 
3 35 3 


ol 
Oo 


tsu(AC) Column address setup time taSC 


ash 
Ds 

ts 
iow 
TRL 


th(ACL) Column address hold time after CAS low tCAH 


Ts [% 


a 
TiniARL]Columnaddresshold time after AASIow | tan «| 98120 

in(cnt) CASholdtimeafter RASiow —————SSSSC*d tes «T8200 
inDCL)Dataholdtimeatier CASIow ——S=~=~‘“‘;*~*dCSt SCC CYC 
in(DRL) DataholdtimeatterRASIow ——SC~dC tm «dC CTO 
ibn) Saanoiyns fa Noe Ton) Sd SCC 
aL per ourera aie Dance | oi oO 
TinWCL) Write commandholdtime after GASow | won «| SiC 

RAS 


th(WRL) Write command hold time after RAS low 


Delay time, column address strobe high to 


| 
N 
o 


— 
N 
jo) 
N 
[o) 


= 
N 
oO 


tCHRL ‘CRP 


row address strobe 


Delay time, column address strobe low to 


tCLRH tRSH 


row address strobe high 


Delay time, column address strobe low to W low 


tCLWL tCcwD 


~J 

i=) 
= 
Ww 
oO 


NO 

jo) 

ol 

(oe) 
al 


(read, modify-write cycle only) 


tREF Refresh period 
Delay time, row address strobe low to column 


tREF 


tRLCL address strobe low (maximum value specified tRCD 


only to guarantee access time) 


Delay time, row address strobe low to W low 


tRLWL tRWD 200 


(read, modify-write cycle only) 


Delay time, W low to column address strobe 


| 
N 
oo) 

| 
N 
o 

| 
N 
fo) 


tWLCL twcs 


low (early write cycle) 
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x 
> 
7) 


2) 
n” 


ADDRESSES 


=! 


DO 
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Pere echelon enrol 
| 


| 

| L$ twit) ————>| | 
ViH | 

| | k—tce_rH——} k-twin) > 

| H-tRLct —> + — twict) —>} <— tcur_—>| 

| | 7 I | 

| | | 
Vit | | iwien 

a 7 tsular) 4 —_ w( ae 
|  }*——th(aRL)+—> 


th(AR) I | | | 
- [ >| pep tsulac) | 


taut) Ho | } 
RR BA COUKEMEIONG 
VIL | | 
/K— taic) —>| | 
| | Le—tpxz > 


| 
| | 
Vv | HI-Z 
" 
VOL | 


ee 
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early write cycle timing 


RAS 


CAS 


ADDRESSES 


=I 


DI 


DO 


| 
| + twit} —— | | 
ViH | 
ViL | 
| | t 
| | Tans mae er sala al 
Ke tRLcL —>) Wt—tcHRL > 
| L¢—_______——th(cRL) —————_>| r 
Vi Ty + twice) —| 7 
VIL | | { , 
tsu(AR)<>} | | py tsulacl | be——— twice) ———4 
| 


+<—-— th(ARL) —>| | | 


! | | | | 
th(AR) Le» | aia th(ACL). JL 
| | 


| 
ViH 
NOES 
vi : oe OOO? BON ro XX 
tWLCL > | 
| Li —tautwer)——+} | 
| = tsu(WRH)————+ 
ne ee i 
ia | L+— thiwer) —> 


| | 

ROS, | * WAV, 

OOEEEERSOON AESEEEEOKX 
| 

: 1 tiowL) 4 

| H—thiDcL}— 

| thidR pS 


VIL 


ViH 


eee - 
aXX Oe 


ViL 
—>| — tsy(D) 
VOH 
HI-Z 
VOL 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TMS 4116 JDL, NL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


write cycle timing 


ee 


! 
! | eet cena ! | 
en VIH | 
RAS | ; 


| cad ' twin 


| 

| 

p—tRLCL—>, scot — 
| 

| 


VIL 


| | | 
VIH =< ——twicl) ——> 
CAS ; | | | 
IL 
tsu(AR) tool | —>| *- tsu(AC) f*——— twicH) ———>| 


| 
} + th(ARL) ——> | | 


AR) | et thiacu | 1 


ViH 
ADDRESSES r 
IL 
| | |~«—— tsu(woH)——>| | 
| | + ——tsu(WRH)——> 
+ th) 
 thiweL)—>4 
ViH AKA VWV/V V/V \/\/ 
w 4 XXX een SABE AXKKXBON'T cane X KK 
| | | ~— twiw) 
| | | Ke th(DWL)>} 
l th(DCL) ——~ 
[+ tH(DRL) 
VIH AKAP yyy KKK KK 
D XX RPURPERE A wauio nara XX BON ARE CK 


VIL 
a + tai 


VOH 
DO (| NOTVALID }/ 


VOL 
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ae 


read-write/read-modify-write cycle timing 


te(RW) FF 


_ VIH <—_——_—_—_—_44——tw(RL) a EaEeESiS 
RAS | | 
VIL | | 


| | 
| }_}$ ter + tw( RH) >| 


| 
—s ViH : | l 
CAS | | 1 
VIL | | ! | 
| 
| |~+——tniar) Z | te —twicH)—> 
| }——>) SHAR) l <—elthiace) | r 
—>| <teu(ar) | | 
ViH 
ADDRESSES 
VIL 
l tsu(rd) <> l L—tsu(weoH)—>+4 || 
/—tsu(WRH)—}>4 
|<} — thwry————_| 
| | -k——— triwet)—] | 
| | -—teLwe—41 | | | 
VIH 
| XD oan's cage X 
Ww DON’T CARE 
ViL l AX?! /\ 
tRLWL l 
| 
| r | | 
in? h(DRL) i 
th(DCL) 7; | 
| | >K<— tsu(D} | 
VIH 
DI 


OY oonr ca YOY 


VIL 


| | | | 
| + th(DwL) >I HtPxz> 
| 


_ 
VOH | 
DO HI-Z2 l VALID DATA 
VOL | 
| 
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page-mode read cycle timing 


Le} | 


Tl xe | | 


| 
| 
[x —(9)2; 9 | p< ——(9)e) > 


| Lm 


Ma 
A 2a tno) 
JHIA 
(pays, |p 
|| 
| 
| 
| | 
TIA 
Hila 


Fm nee 


Lt ! 
Covi je! | > Lacy 
| 


, 
l | 
Ovi ee | 


eee | 


| | : | ThA 
| | | | HI 
: Sar fe (19) =e | | * 
| 
[x THHO1—>| | (HO)My — pt 10 | 
| HY¥19 | | 
FY (d)9 | | 
—— el = a P 
Le (HY)M | \ 
)ry nee Oo) | 
| | WA 
Hia 


oa 


is 


S3aSSSYqqV 


svo 


sv 


4] 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


page-mode write cycle timing 


TMS 4116 JDL, NL 


}<—_—— (1Ha)4,——> 


' ; | : | 
Maas | ! 


wy y a 
J Viva aliwA )\ ayvo LN 
N\ f£\ Hig 
Leaman, }! | coe | Nise! | | 
jl to (map| | | (IMa)u, | L. | 
gia fa \ ia (a) 
. (M)™y eames © | | . 
Re — : 
3HV9 L.NOG Juv) 1.NOa | 
OX XXX) x | | Hin 
— : | l | 
sailed IE |<—(Homns, —L] Le (Homyns, py | 
Le—(Homyns,—p | I | | | | 
| 7 | P+ 1M) th —§oy 
os Naaman l (TOM) | | Comyn ty 3 | 
| | | la 
f \ 
CERN 
L\ dey Hig 


TA 
| 
1 ge (19), —+-] Ly (19), __ pI | 
| | 
}—THH9;—>] | Le > a 
| 


| 
| |< H¥19;—_»4 | 
| | I<} fay, | 
pe ( HEE) Mg py beg (1H9)u; 


HIA 


Hin 
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AS-only refresh timing 


| 
— | 
| 


| | 
+——-tw(RH) >| 
| 


__ VIH 
RAS 
VIL 


—— VIH x —y = 
m= ™ SEIN KK TORE 
| 
) P—thtaR)—>) 
P+ tsu(AR)> | | 


Vv 
ADDRESSES ai 


PONTO. ROM XX SORE EARE XX KKK 


VIL 


_ VIH 
R/W 


OOOO XXX AXA) BOWE GBR XX KKXXXKMXAA MMA 


ViL 


VOH 
DO nn ne nnnreneemenmeme fl 
VOL 
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SNE eS 


Ta — Free Air Temp — °C 


IDD 3(MAX) -- Supply Current —mA 


40mA 


20mA 


CYCLE RATE (& TIME) VS TEMPERATURE 


te(rd) — Cycle Time — ns 


0 1 2 3 4 


10°/te(ra) — Cycle Rate — MHz 


CYCLE RATE (& TIME) vs MAX SUPPLY 


CURRENT, Ipnp3 


te(rd) — Cycle Time — ns 


30mA ae 


BERRA] 
ae 


10° /te(rd) — Cycle Rate — MHz 


IDD1(MAX) — Supply Current — mA 


IDD4(MAX) — Supply Current —- mA 


CYCLE RATE (& TIME) vs MAX SUPPLY 


30mA 


10mA 


Oe 


CURRENT, Ippq 


te(rd) — Cycle Time — ns 


Le 
A 
Sen e ~<Baeea 
a HH 


0 1 2 3 a 


10°/te(rd) — Cycle Rate — MHz 


PAGE-MODE CYCLE RATE (& TIME) vs 


50mA 


MAX SUPPLY CURRENT, Ipp4 


1000 500 400 300 250 


40mA me 


ae 
30mA 4111 IU 


20mA 


10mA 


103/te(p) — Page-Mode Cycle Rate — MHz 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLI 


MOS TMS 4164 JDL 
LSI 65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


DECEMBER 1979 


e 65,536 X 1 Organization 

16-PIN CERAMIC 
@ Single +5 V Supply (10% Tolerance) DUAL-IN-LINE PACKAGE 
e JEDEC Standardized Pin Out or eere 


e Upward Pin Compatible with TMS 4116 NC 1 16 = Vss 

(16K Dynamic RAM) D 2 15 CAS 
@ Max Access Time from RAS less than 150 ns W 3 oe 
e Min Cycle time (Read or Write) less than —= 

260 ns oa ee 
e Long Refresh Period . . . 4 milliseconds AO § 12. A3 

: A2 6 11 A4 

e Low Refresh Overhead Time... As Low As 

1.6% of Total Refresh Period Al 7. 10 AS 
e All Inputs, Outputs, Clocks Fully TTL Vpp 8 g Al 


Compatible 
e 3-State Unlatched Outputs 


Address Inputs 


@ Common I/O Capability with ‘Early Write’ CAS Column Address Strobe 
Feature Data In 
e Page-mode Operation for Faster Access bassin 
Data Out 
e Low Power Dissipation Row Address Strobe 
— Operating... 125 mW (typ.) Write Enable 
— Standby... 17.5 mW (typ.) +5 V Supply 
e New SMOS (Scaled-MOS) N-Channel Ereune 
Technology 
description 


The TMS 4164 JDL is a high speed 65,536 bit dynamic random access memory organized as 65,536 words of one bit 
each. It employs state-of-the-art SMOS (scaled MOS) N-channel double level polysilicon gate technology for very high 
performance combined with low cost and improved reliability. 


The TMS 4164 JDL features RAS access times to 150 ns maximum. Power dissipation is 125 mW typical operating, 
17.5 mW typical standby. 


New SMOS technology permits operation from single +5 V supply, reducing system power supply and decoupling re- 
quirements, and easing board layout. IpDp peaks have been reduced to 60 mA typical, and a —1 V input voltage under- 
shoot can be tolerated, minimizing system noise considerations. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS in 
order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in are latched on 
chip to simplify system design. Data-out is unlatched to allow greater system flexibility. Pin 1 is no connect to allow 
compatibility with other 64K RAMs using this pin for an additional function. 


The TMS 4164 JDL is offered in a 16 pin dual-in-line ceramic sidebraze package and is guaranteed for operation from 
0°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300 mil (7.62 mm) centers. 
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operation 
address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight column-address bits are set 
up on pins AO through A7 and latched onto the chip by the column-address strobe (CAS). All addresses must be stable 
on or before the falling edges 0 of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers 
as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read mode 
and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits without a 
pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, data-out will 
remain in the high-impedance state for the entire cycle permitting common 1/0 operation. 


data-in (D) 


Data is written during a write or read-modify write cycle. The falling edge of CAS or W strobes data into the on-chip 
data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write e cycle Wi W is 
brought low prior to CAS and the data is strobed in by CAS | with setup and hold times referenced to this signal. ‘Ina a 


delayed write or read-modify write cycle, CAS will already be ‘low, thus the data will be strobed in by W with setup and 
hold times referenced to this signal. 


data-out (Q) 


The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the access time interval ta(C) that begins with the, 
negative transition of CAS as long as as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid wale CAS is low; CAS going high FerOENS it toa dds linpedeies state. In an early wie cycle, the output 


for tt a read cycle. 


refresh 


A refresh operation-must be performed at least every four milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS can remain 
high (inactive) for this refresh sequence to conserve power. 


page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for the same page 
is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS are applied to 
multiple 64K RAMs. CAS is then decoded to select the proper RAM. 
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functional block diagram 


TIMING & CONTROL 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


ROW 
DECODE 


ROW 
DECODE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


('%) MEMORY ARRAY 


DUMMY CELLS REG 


BUFFER & DATA 
10OF 41/0 OUT 
SELECTION REG. 


256 SENSE — REFRESH 
AMPS 


(4) 4 OF 256 COLUMN DECODE 


DUMMY CELLS 


COLUMN 
ADDRESS 
BUFFERS 
(8) 


(4%) MEMORY ARRAY 


Voltage on any pin except Vpp and data out (see Note 1)  ... 1... ee ees —1.5to 10 V 
Voltage on Vpp supply and data out with respect to VSS) ww ee eee —1to6V 
SHOMCIFCUILOUTDUTECUITENt hac cae dcndieee wea es kd we dd ene WHS SRO be Re “tan wan 50 mA 
POWEFOISSIOGNOW 224.2 4445446 nee dae ow Ae 29-6 Oh OSG Gm ES EEE ORES PEE eee ees 1W 
Operating free-air temperature range 6. een eee een ee eas O'Cto 70 C 
Storage temperature range 1... . ee eee eee eee ne ene enna .... 65°C to 150°C 


NOTE 1: All voltage values in this data sheet are with respect to Vcc. 


* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


PARAMETER 
Supply voltage, Vss 0 


High-level input voltage, Vj y 2.4 Vppt0.3 


Operating free-air temperature, Tp a) * 70 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


53 


4% 


54 


TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


electrical characteristics over full ranges of recommended operating conditions 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX ]|U 


aeukeael Vi=0V 58 V 
1] Input current (leakage Ricieedine= 00 
Vo =04 105.5 V 
| Output current (leakage) . —10 
CAS high 


Average operating current . 
Ipp1 ; ; Minimum cycle time a0 
during read or write cycle 


Seals After 1 memory cycle 3.5 
t ent : 
DD2 Be ote RAS and CAS high 


Minimum cycle time 
RAS cycling, 

CAS high 
Minimum cycle time 
RAS low, 
CAS cycling 


—_| 


: : 
cB 5 
> > 


a 

: : 

3] 3 
> > 


20 32| mA 


IDD3 Average refresh current 


Average page-mode 
IpDD4 a 20 32] mA 


current 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1MHz 


PARAMETER Typt ju 


BH 
- 


Ci(A) Input capacitance, address inputs ma? 

Ci(p) Input capacitance, data input | 4 | pF 
Ci(RC) Input capacitance, strobe inputs Pe 48 Be. 
Ci(w) Input capacitance, write enable input | 8 | pF 
Co Output capacitance S| er 


TAI typical values are at Tp, = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


ALT. | TMS 4164-15|TMS 4164-20 
PARAMETER TEST CONDITIONS UNIT 
t Necase tne t | ddresestro SE eOr re 100 135 
ccess time trom column a ress strooe t 
a(C) Load = 2 Series 74 TTL gates ibe 


en &) Meg MAX, 
C, = 100 pF tRAC 150 200 
t Output disable time ee Meee t 
u u ts e tim 
PXZ Load = 2 Series 74 TTL gates rr 


ta(R) Access time from row address strobe 


Load = 2 Series 74 TTL gates 


SS a ET RS I BE ES SS SEE 
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timing requirements over recommended supply voltage range and operating free-air 


temperature range 
ALT. 


te(P) Page mode cycle time tpc 206 


te(rd) Read cycle time tRC 256 


-| 
= 
” 
p 
—_ 
o 
) 
= 
o1 
— 
— 
n 
> 
—_ 
o 
cm 
N 
o 


N 


= 
z2 
= 
> 
x 


ww) 
Oo 
Cc 
= te | 
77) 77) 
— 


te(W) Write cycle time twc 256 326 
256 326 


ot 
D 
= 
fo) 
it 
mn 


te(RW) Read-write/read-modify-write cycle time 


tw(CH) Pulse width, column address strobe high (precharge time) * tcp 
tw(CL) Pulse width, column address strobe low tcas 100 10,000} 135 10,00 
tw(RH) Pulse width, row address strobe high (precharge time) tRp 120 


twiRL) Pulse width, row address strobe low tRAS 150 10,000} 200 10,00 
tw(W) Write pulse width twp 45 


tT Transition times (rise and fall) for RAS and CAS tT 3 35 


tsu(AC) | Column address setup time 5 


tsu(AR) | Row address setup time 


ns 


iF 


w 
Ww 
oO 
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D 
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+l le 
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=la |O 
Qi 
- 

»2) 
=| 3 
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a 
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th(ACL) | Column address hold time after CAS low tCAH 


th(AR) Row address hold time 


th(ARL) Column address hold time after RAS low 


th(CRL) CAS hold time after RAS low 
th(DCL) Data hold time after CAS low tDH 


th(DRL) Data hold time after RAS low 95 120 
th(DWL) Data hold time after W low tDH 


third) Read command hold time 


th(WCL) Write command hold time after CAS low 


th(WRL) Write command hold time after RAS low ns 
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tCHRL Delay time, column address strobe high to row address strobe low 


iCLRH Delay time, column address strobe low to row address strobe high tRSH 100 135 


Delay time, column address strobe low to W low , xi 
t 
CLWL (read, modify-write-cycle only) CWD 


Delay time, row address strobe low to column address strobe low 


t t 20 
nEee (maximum value specified only to guarantee access time) RCD 


Delay time, row address strobe low to W low P 
t 
mEWE (read, modify-write-cycle only) RWD 


tWLECL Delay time, W low to column address strobe low (early write cycle) 
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TMS 4164 JDL 


65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


read cycle timing 
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early write cycle timing 
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TMS 4164 JDL 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


write cycle timing 
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read-write/read-modify-write cycle timing 
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page-mode read cycle timing 
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page-mode write cycle timing 
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RAS-only refresh timing 
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mos TMS 4044 NL; TMS 40L44 NL 
LSI 4096-WORD BY 1-BIT STATIC RAMS 


DECEMBER 1979 


Single +5 V Supply (+ 10% Tolerance) TMS 4044/TMS 40L44 
18-PIN PLASTIC 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


e High Density 300-mil (7.62 mm) 18-Pin 
Package 


e Fully Static Operation (No Clocks, No Re- 


fresh, No Timing Strobe) AO 
e 4 Performance Ranges: | _ 
ACCESS READ OR WRITE A2 
TIME CYCLE 
(MAX) (MIN) ~ 
TMS 4044-15, TMS 40L44-15 150 ns 150 ns A4 
TMS 4044-20, TMS 40L44-20 200 ns 200 ns 
TMS 4044-25, TMS 40L44-25 250 ns 250 ns a? 
TMS 4044-45, TMS 40L44-45 450 ns 450 ns fe] 
e 400-mV Guranteed DC Noise Immunity with w 
Standard TTL Loads — No Pull-Up Resistors Vsg 
Required 


@ Common I/O Capability 


e 3-State Outputs and Chip Select Control for 
OR-Tie Capability 


e Fan-Out to 2 Series 74, 1 Series 74S, or 8 


Series 74LS TTL Loads PIN NAMES 


e Low Power Dissipation 


MAX MAX 

(OPERATING) (STANDBY) 

TMs 4044 440 mW 156 mW 
TMS 40144 275 mW 96 mW 


W Write Enable 


description 


This series of static random-access memories is organized as 4096 words of 1 bit. Static design results in reduced over- 
head costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this series 
is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 
a read cycle. 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 4K 
Static RAM series is manufactured using TI’s reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. All versions are characterized to retain data at Vcc = 2.4 V to reduce power dissipation. 


The TMS 4044/40L44 series is offered in the 18-pin dual-in-line plastic (NL suffix) packages designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 
for operation from OC to 70°C. 
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TMS 4044 NL; TMS 40144 NL 
4096-WORD BY 1-BIT STATIC RAMS 


a a TLR TE LL LS II EE SIE TE ELE LE TEE LN 
operation 
addresses (A0-A11) 


The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. . 


chip select (S) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out ter- 
minals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhibited 
and data-out is in the floating or high-impedance state. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in (D) 


Data can be written into a selected device when the write enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, one Series 
74S TTL gate, or eight Series 74LS TTL gates. The output is in the high-impedance state when chip select (S) is high or 
whenever a write operation is being performed, facilitating device operation in common 1/O systems. Data-out is the 
same polarity as data-in. 


standby operation 


The standby mode, which will retain data while reducing power consumption, is attained by recuding the Vcc supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, S and W must be high to retain data. 
The Vcc transition rate should not exceed 26 mV/ms. During standby operation, data can not be read or written into 
the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned for 
the memory to resume steady state operating conditions. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) * 


Supply voltage, Voc (see Note 1) «9 gdecwind bduw Ge baw eew ee eek ¥abiaeGavaasetwddbvaas —0.5to7V 
Input voltage (any input) (see Note 1)... ee ee een eee enn enna —1to7V 
Continuous Power dissiPaTION au 44 pd 6484 d de ee weed Gen Qed awed bwdiwanadonwh aa be berdbvus 1W 


Operating free-air temperature range 
Storage temperature range 


ode o ate ares a ae ea eee eee oe Se ee ee ee a O°Cto 70°C 
he hea eh aoe A et ae ee es od een es ee —55°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 


* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’‘ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


RAM 4096x1 


0 


FUNCTION TABLE 


we 


H X - NOT SELECTED 
WRITE 
DATA OUT READ 


TThis symbol is in accordance with |EEE Std 91/ANSI Y32.14 and 


D (11) A2D AV (7) Q current discussions in |EEE and IEC. See explanation on page 183. 
a’ 


recommended operating conditions 


TMS 4044-45 
PARAMETER TMS 40L44-45 
| 


[Suppivvohewe Veg —SOC=“‘“‘SCSCSCSC~“‘“‘CNSCSC“‘#SNSNNNCNNNNNNNNS“ “sd? 


High-level input voltage, Vjy 
Low-level input voltage, Vj, (see Note 2) —1 


Operating free-air temperature, TA 


NOTE 2: The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this data sheet for logic 
voltage levels only. 
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TMS 4044 NL; TMS 40144 NL 
4096-WORD BY 1-BIT STATIC RAMS 


electrical characteristics over recommended operating free-air temperature ranges 
(unless otherwise noted) 


[Von _Highievevorese | _ton=—1OmA Veo 48V 
Vou _towlevelworrage | _tor=32mA_——Vco=45V TC 
ci Iapat current Sid = OVOBSY SSCS 


I Ofiale cutaut t Sa 2Vor Vn =0V 668 V +101 vA 
-State ou ut curren = OD. + 
02 . ? W at 0.8 V O ‘i 
Vcc = MAX 65 80 
TMS 4044 
Vcc =24V 
mA 


TMS 40L44 CC * 


lo =OmA, 
Ta = 0°C (worst case) 


Input capacitance 
or iiss 
C Output it Vom Ss 
utput capacitance 
° eum f=1MHz 


- All typical values are at Vcc = 5 V,Tp = 25°C. 


Icc Supply current from Vcc 


timing requirements over recommended supply woleage range, TA = 0°C to 70°C 1 Series 74 TTL load, 
CL = 100 pF | 


PARAMETER 


win wax | m [MIN MAX | MIN MAX _| 
Se 
SS ee TR ——} 0 er 

[ te(Rw) _ Read:modify-write eyete time [280 
ee 
[tsula) Address setup time PT 
ee 
Ptau(by Data setuptime eo oo 300 J 
ee 
Paar Ree 
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switching characteristics over recommended voltage range, TA = 0°C to 70°C 1 Series 74 TTL load, 
C. = 100 pF 


TMS 4044-15 TMS 4044-20 TMS 4044-25 TMS 4044-45 
PARAMETER fa 40L44-15 an Ee 40L44-20 an ho 40L 44-25 emer rcan 40L44-45 UNIT 
ta(S) Access time from alls select low 
De ed oe Se eae ee 
eo a a 


read cycle timing** 


ADDRESS, A 


CHIP SELECT, S 


OUTPUT DATA, Q 


All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2,2 V on outputs (90% points). Input rise and fall times = 10 ns, 
**Write enable is high for a read cycle. 
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early write cycle timing 
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_ VIH tw(W) 
WRITE ENABLE, W 


—_ t 
CHIP SELECT, S su(S) 


tsu(D) th(D) 
VIH . 
EO, Vib AKA AXKKAAA WAVAANANAPANANE AKAMA ais ) AU 


VOH 
OUTPUT, Q ene 


VOL 
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read-modify-write cycle timing 


ADDRESS, A 


WRITE ENABLE, W | 


tw(W) 


CHIP SELECT,S 


| 
tsu(D) th(D) 


VIH 
meron OX == [ME 


,  ta(S) tPVZ,W ta(W) tPVZ,W 
VOH 
OUTPUT, Q HI-Z—{1_ VALID HI—Z (| VALID HI-z—— 
VOL 


ta(A) a 
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DECEMBER 1979 


4096 X 1 Organization TMS 2147/TMS 21147 


18-PIN PLASTIC 
e Single +5 V Supply (+ 10% Tolerance) DUAL-IN-LINE PACKAGE 
Saif das oes : TOP VIEW 
e High-Density 300-mil (7.62 mm) Packages | 
e Fully Static Operation (No Clocks, No Re- Ao Vec 
fresh, No Timing Strobe) Ay Ag 
e Fast ...3 Performance Ranges: Ao Ay 
ACCESS READ OR WRITE A3 Ag 
TIME CYCLE hy Ag 
(MAX) (MIN) 
TMS 2147-5 55 ns 55 ns As A10 
TMS 2147-7/TMS 21L47-7 70 ns 70 ns re) Ait 
Ww D 
e Inputs and Outputs TTL Compatible ; 5 
Ss 


e Common |/O Capability 


e 3-State Outputs and Chip Enable Control for 
OR-Tie Capability PIN NAMES 


e Automatic Chip-Select-Power-Down 
Operation 


e Reliable SMOS (Scaled-MOS) N-Channel 
Technology 


description 


These high-speed static random-access memories are organized as 4096 words of 1 bit. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Automatic 
chip select/power-down allows devices to be placed in the reduced-power mode whenever deselected. 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. These 
4K static RAM series are manufactured using Tl’s reliable state-of-the-art SMOS (scaled MOS) N-channel silicon-gate 
technology to optimize the cost/performance relationship. 


The TMS 2147 series and the TMS 21L47 series are offered in 18-pin dual-in-line plastic (NL suffix) packages designed 
for insertion in mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from O°C to 
70. 


MM2147 Copyright © 1979 by Texas Instruments Incorporated 
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‘TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


SSS go 


\ 


operation 


addresses (A0-A11) 


The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for 
the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no exter- 
nal pull-up resistors. 


chip-select/standby (S) 


The chip-select terminal, which can be driven directly by standard TTL circuits, affects the data-in and data-out ter- 
minals and the internal functioning of the chip itself. Whenever the chip-select terminal is low (enabled), the device 
is operational, input and output terminals are enabled, and data can be read or written. When the chip-select terminal 
is high (disabled), the device is deselected and put into a reduced-power standby mode. Data is retained during standby. 


write-enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in (D) 


Data can be written into a selected device when the write-enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits. 


data-out (Q) 


The three-state output buffer provides direct TTL compatibility. The output is in the high-impedance state when chip 
select (S) ishigh or whenever a write operation is being performed, facilitating device operation in common I/O systems. 
Data-out is the same polarity as data-in. | 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


SS SPS SS HO SH TTT I TE TE SEB TESTI 
absolute maximum ratings over operating ambient temperaturet range (unless otherwise noted) * 
Supply voltage, Vcc (seeNote1) 2... ne ebb bbb beep eee, —1.5Vto7V 
Input voltage (any input) (see Note 1) ....... eet ge Oey ee a ee Se es eG a ke —15Vto7V 
Continuous power dissipation 2.0... 0... eb bbb bbb bbb bbb bee ce. 1.2 W 


Operating ambient temperature range 6. wk ke ee be bebe bbe b eben eae 0°C to 70°C 
Storage temperature range 6... ee nee e en eb bb bbb bby ey —65°C to 150°C 


logic symbol 8 


RAM 4096x1 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(17) 
(16) 
(15) 
(14) 
(13) 
(12) 
3 (10) 
m7 (8) 


FUNCTION TABLE 


NOT SELECTED 


WRITE 
DATA OUT READ 


A10 


1EN [READ] 
102 [WRITE] 


: 7 
p A,2D pe Le 


§ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
recommended operating conditions 


PARAMETER 
Supply voltage, Vcc 


Operating ambient temperaturet, Tp 


T The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at 
a velocity of 400 feet per minute with the device under test soldered to a 4 X 6 X 0,062-inch double-sided 2-ounce copper-clad circuit board, 
* Stresses beyond those listed under ‘‘Absolute Maximum Ratings‘‘ may cause permanent damage to the device, This is stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
* The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels only. 
NOTE 1: Voltage values are with respect to the ground terminal. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


electrical characteristics over recommended operating ambient temperatureT range (unless otherwise noted) 


[Vou Hidhievel ouputvorage | loys =amm&—Vecrasv Ce 
Vou Lowieveloutputvotege [| tor=8ma,—veo=45v——C« 
Ci inpateurent ——SC*=~“‘“‘*SC*dSCSS OOO A 
a 


2.4 
0 
+50 


| 
cc1 from Vcc 


lp = OMA, Ta =0°C 
mA 


os Short-circuit output current Voc = 52%, Vo =GNDtoVcc 
% 


Operating supply current from Vcc 


(worst case) 


Peak power-on current 
(see Note 2) 


Veo = GND to Vee min, 


| 
Ee S = lower of Vcc or VjH min 


l 
G Input capacitance Vi ON, = 1 MHz Pe Be | 
. Output capacitance Vo =0 V, f = 1 MHz Sa os 


ac test conditions 


IOUT PUI IEVES. vate sGiee ded wbeGed ceews See BS he beh seh oie des coh Ge SESE GND to 3.5 volts 
PU Tee ond Ta MOS 262.245 5464 28GB SUE Re PO Ree POO ee Cote ad ond hehe ee HERS 10 ns 
INDUTANd OUTPUT TIMING TEIErEnCe 1EVEle onc ieee eee eh HOES COMER Beha ee eae HSER 1.5 volts 
OUmutOaGInd. <:24 64. c2<6 tie ewes b6 oO be eS SOS PS MORESO Ea Tees See es See Figure 1 


timing requirements over recommended supply voltage range and operating ambient temperatureT range 
| TMS 2147-7 

icin Witeeyeletime OSS 
Peniw) _Writepubewiath ——OSOSOSOSOSSSOSOOOOSOSOCSCSCSCSCS BY 
Visuia)Addresssetuptime——SOSCSCS—S—SCSCSCSC‘C~;~;<«zdSS 

teu) Chip select setup time | 450 
Pino) Dataholdtime—SSCSCS~—SCSCSCSCSiCS 

thiA) Address hold time 1 | 

tAVWH Address valid to write enable high 
T The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
Pau typical values are at Vcc = 5 V, Ta = 25°C. 
8 Duration of the short-circuit should not exceed one minute. 


NOTE 2: Ipo exceeds Icc¢1 Maximum during power on, as shown in Figure 4. All pull-up resistor to Vcc on the S input is required to keep 
the device deselected; otherwise, power-on current approaches Icco2. 
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TMS 2147 NL, TMS 21147 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


switching characteristics over recommended supply voltage range and operating ambient temperature? range 


TEST TMs 2147-5 | (MS 2147-7 
PARAMETER TMS 2147-7 | UNIT 


CONDITIONS 
MIN MAX] MIN MAX 


Access time from chip select 
(see Note 3) 


ta(S)1 


Access time from chip select 
(see Note 4) 
Output data valid after 


ta(S)2 


Tt 
PVX address change 


Output disable time from R= 310 2, 


t 
PVZ(w) write enable C_ =30 pF, 


en Output enable time from See Figure 1 
write enable 

; Output disable time from 

*Pv2(s) chip select 


Output enable time from 


< | 
reve) chip select 


Power down time from 
towrdn 


chip select 
Tt The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
NOTES: 3. Chip deselected for more than 55 ns prior to selection, 


4. Chip deselected for less than 55 ns prior to selection. (If the deselect time is O ns, the chip is by definition selected and access 


time occurs according to read cycle). 


PARAMETER MEASUREMENT INFORMATION 


Vec 


RL =5102 


OUTPUT 
UNDER TEST 


300 2 Cy = 30 pF 


FIGURE 1 — LOAD CIRCUIT 


g 


TEXAS INSTRUMENTS ) 75 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


76 


TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


TYPICAL DC AND AC CHARACTERISTICS 


read cycle timing 


from address 


te(rd) 


ta(A) 
tpvx 
DATA OUT PREVIOUS DATA VALID RS : K DATA VALID 


W is high, § is low. 


from chip select 


te) 


ta(S) 
as | —_— 


= tpwrdn a 


n| 


elev a 
SUPPLY 
CURRENT 


Icc1 


W is high, address is valid prior to or simultaneously with the high-to-low transition of Ss. 
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TMS 2147 NL, TMS 21147 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


LLL EB IY 
TYPICAL DC AND AC CHARACTERISTICS 


write cycle timng 


controlled by write enable 


fis 


———— 
SQ PULLLLLLL LLL. 


$ 
: tAVWH ; 
tsu(A) lew a 


: t 
— su(D) th(D)- | 


DATA IN | DATA INVALID | 


[«- revziwi-o je-—— rzviw)——> 


DATA OUT INVALID DATA Vee HI-Z i 


controlled by chip select 


iE: i 


tsu(A) Guts | 
su —___—» 


F 
vane th(A) 
j¢—_ ww) 
W 


Ss SQ sc OELL£Z£ZIZ£ZZZZ_ 


: t 
a su(D) PL tiv) 


DATA IN | DATA IN VALID 
fe-trvziwi->y 


NOTE: If S goes high simultaneously with Ww high, the output remains in the high-impedance state. 
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TMS 2147 NL, TMS 21L47 NL 
FAST 4096-WORD BY 1-BIT STATIC RAM 


TYPICAL CHARACTERISTICS 


TMS 2147-7 TMS 2147-7 


SUPPLY CURRENT SUPPLY CURRENT 
. VS vs 
SUPPLY VOLTAGE AMBIENT TEMPERATURET 
120 
100 
< < 
E E 
: 80 l 
£ c 
= S 
> 60 = 
iy a 
a a 
B 40 7) 
| | 
o ) 
2 Oo 
= ft} lcci — Standby Current eo 
ttt Tit. it | 


0 
45 46 4.7 48 4.9 5.0 5.1 52 53 5.4 5.5 0 10 20 30 40 50 60 70 80 
Vcc — Supply Voltage — V 


TA aC 
FIGURE 2 FIGURE 3 
NORMALIZED POWER-ON CURRENT CHANGE IN ACCESS TIMES 
vs vs 
A SUPPLY VOLTAGE OUTPUT LOADING 


TLL ALLO 
(27 a\een 
ae 4enNeee 
ZANE 
Br sane 


F 5 aaa 1 kQ pull-up resistor 
(Aw oe 

| pales iar 

. 


Icc — Supply Current Relative to Value at Vcc 
Ata(A) and Atg(s) — Change in Access Times — ns 


0 
3 4 5 0 100 200 300 400 500 
Vcc — Supply Voltage — V Ci — Load Capacitance — pF 
FIGURE 4 FIGURE 5 
NORMALIZED igiaad TIMES Cee ae TIMES 
SUPPLY VOLTAGE AMBIENT TEMPERATUREt 


=5V 
= 70°C 


Access Times Relative to Value at Vcc 
Access Times Relative to Values at TA 


“4.5 4.6 47 48 49 50 5.15.2 53 54 5.5 “0 10 20 30 40 50 60 70 80 
Vcc — Supply Voltage — V : Ta — Ambient Temperature — °C 
FIGURE 6 FIGURE 7 


Tt The ambient temperature conditions assume air moving at a velocity of 400 feet per minute. 
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MOS TMS 2114 NL; TMS 2114L NL 
LSI 1024-WORD BY 4-BIT STATIC RAMS 


DECEMBER 1979 


e Previously Called TMS 4045/TMS 40L45 TMS 2114/TMS 2114L 
© 1024 X 4 Organization sped dialed 
DUAL-IN-LINE PACKAGE 
e Single +5 V Supply (TOP VIEW) 
e High Density 300-mil (7.62 mm) 18-Pin 
Package AG Vec 
e Fully Static Operation (No Clocks, No Re- | on me 
fresh, No Timing Strobe) A4 A8 
e 4 Performance Ranges: A3 AQ 
ACCESS READ OR WRITE AO 50% 
TIME CYCLE rc 
(MAX) (MIN) =e 
TMS 2114-15, TMS 2114L-15 150 ns 150 ns A2 DQ3 
TMS 2114-20, TMS2114L-20 200ns 200 ns $ tia 
TMS 2114-25, TMS 2114L-25 250 ns 250 ns — 
TMS 2114-45,TMS2114L-45  450ns 450 ns Vss 


e 400-mV Guaranteed DC Noise Immunity 
with Standard TTL Loads — No Pull-Up 
Resistors Required 


e Common I/O Capability PIN NAMES 


e 3-State Outputs and Chip Select Control for 
OR-Tie Capability 
e Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads S 
Fy] 


Vs Ground 


© Low Power Dissipation 
MAX MAX 
(OPERATING) (STANDBY) 
TMS 2114 550 mW 170 mW 
TMS 2114L 330 mW 110 mW 


description 


This series of static random-access memories is organized as 1024 words of 4 bits each. Static design results in reducing 

overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this 
series is fully static, chip select may be tied low to further simplify system timing. Output data is always available during 
a read cycle. 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 4K 
Static RAM series is manufactured using TI’s reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. Sub 450 ns max access versions are characterized to retain data at VCC = 2.4 V to reduce power dissipation. 


The TMS 2114/2114L series is offered in the 18-pin dual-in-line plastic (NL suffix) package designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 


operation 
addresses (A0-A11) 


The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable for the dura- 
tion of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external pull- 
up resistors. 


chip select (S) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out 
terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is inhi- 
bited and data-out is in the floating or high-impedance state. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W or S must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in/data-out (DO 1-DQ4) 


Data can be written into a selected device when the write enable input is low. The DO terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of two 
Series 74 TTL gates, one Series 74S TTL gate, or eight Series 74LS TTL gates. The DO terminals are in the high- 
impedance state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same 
polarity as data-in. 


standby operation (TMS 2114/TMS 2114L-15, -20, -25) 


The standby mode, which will retain data while reducing power consumption, is attained by reducing the Vcc supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, S and W must be held high to retain 
data. The Vcc transition rate must not exceed 26 mV/ms. During standby operation, data can not be read or written 
into the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are returned | 
for the memory to resume steady state operating conditions. 
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TMS 2114 NL; TMS 214L NL 
1024-WORD BY 4-BIT STATIC RAMS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) * 


SUppIY Voltage, VOC See NOIE 1) «.c:.85.0e6 are eee ee coe eeR CE EO EHS See ee ead —0.5to7V 
Input voltage (any input) (see Note 1) seas ce eek a VO S Ode WOE Oe we Se ew ee wee we eRe es —1to7V 
CONLMUGUS DOWEFOISSIDATION- ¢4c.0-% 8.00.8 be gees 2d Cd oe bea dw EER eR eR Ra See SES 1W 
Operating free-air temperature range 6. ke ee ee te ees 0°C to 70°C 
SCOrage TEINPETAIUIE FANGS wowed iva cea Gu ae e¥oaees aoa bad Eee W RY Se we OE —55°C to 150°C 


NOTE 1: Voltage values are with respect to the ground material. 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


RAM 1024x4 


0 
0 
7023 
9 
G1 


1EN [READ] 


FUNCTION TABLE 
foe | parpos | Move 
L 


| DEVICE DISABLED 
OUTPUT DISABLED 


102 [WRITE] 


DQ1 


TThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and 
current discussions in |EEE and IEC, See explanation on page 183, 


TMS 2114-15, TMS 2114L-15 
PARAMETER TMS 2114-20, TMS 2114L-20 TMS 2114-45, TMS 2114L-45 UNIT 
TMS 2114-25, TMS 2114L-25 


Supply voltage, Vcc Standby Not applicable 


MIN NOM MAX 
2.4 5.5 
ma 


recommended operating conditions 


4.75 5 5.25 
; V 

V 
v 


NOTE 2: The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this data sheet for logic 


3° 


voltage levels only. 
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TMS 2114 NL; TMS 2114L NL 
1024-WORD BY 4-BIT STATIC RAMS 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


1 Input current V,=0 V to MAX 


I Ofietare cutee t ear aws Va =0 V to MAX +10! A 
-state 0 rren oe = + m 
OZ Pere tngne eigen Wat 0.8V 0 
Vcc = MAX 90 #8100 
TMs 2114 
Voc = 2.4 V* 60 70 
mA 
uicsea, cee a en) 
Vec=24V" 35. 45 


Vj, =O ¥; 
C; Input capacitance f= 1MHz | tf oF 
— Vo=O0V, 
Co Output capacitance f=1MHz eg 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Voc = 5 V, Ta = 25 C. 

* TMS 2114/TMS 2114L-15, -20, -25 only. 

** TMS 2114/TMS 2114L-45: Ioy = —200 HA, lor = 2 MA. 


lon =OmA, 


lec Supply current from Vcc Tx 0°C (worst case) 


timing requirements over recommended supply voltage range, TA = 0°C to 70°C 1 Series 74 TTL 


load CL = 100 pF 

TMS 2114L-15 TMS 2114L-20 TMS 2114L-25 TMS 2114L-45 

MIN = MAX | MIN = MAX | MIN = MAX | MIN = MAX | 
Ftetwe) _Writeoyeletime —*«| (150d 450 
Peni) Write pulse wiath +f 80—~—~—S~d|~=st00~S~S~SStCSCSC*C*~*~*dC«C*« 
isutay Addresssetuptime [| o—*+| o +i oi io S—id rs 
Tisu(s) _Chipselectsetuptime | e+ 100 ——S«d| toss 
Piu(o) _Datasetuptime «| 80 SSCSsSCOSSC~C“~‘“sSCOSCSC“‘CS*;COOOSC™C*C*~*~*~*dS:Ci 
Pinto) __Datahoidtime SO] OSC] OTTTTCSC«dCSCiSC*~dSCSC(C Sid 
hia) Adcressholatime——*f 0 SOidYSSSC«idTSSCSC~dYSC<(Stid 


eee SSS... 
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TMS 2114 NL; TMS 214L NL 


TMS 2114-15 TMS 2114-20 TMS 2114-25 TMS 2114-45 
PARAMETER 
TMS 2114L-15 TMS 2114L-20 TMS 2114L-25 an 2114L-45 
; Access time from chip select 
a(S) (or output enable) low 
tpyx Output data valid after address change i A a 


Output disable time after chip select 
tpyzZs ; 50 100 
, (or output enable) high 


read cycle timing** 


switching characteristics over recommended voltage range, T A = O°C to 70°C, 1 Series 74 TTL 
load, CL = 100 pF 


te(rd) 


ViH 
ADDRESS, A 


CHIP SELECT, S 


OUTPUT DATA, Q 


All timing reference points are 0.8 V and2.0V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 


nanoseconds. 
**Write enable Is high for a read cycle. 


aT a EFI TS FBR ER I STS TS Oa 
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TMS 2114 NL; TMS 21141 NL 
1024-WORD BY 4-BIT STATIC RAMS 


early write cycle timing | 
VIH v,? AA ASN 
(XXX) ADDRESS VALID XXX) 
eee A i ONY 00a 


MH le ww ——__-» 
WRITE ENABLE, W 


CHIP SELECT, S 


VIH LAR AA AAARAAANAAAAAAAAAAAAAAAAASAY 

OAXXAKAXK AAS OOXXXAXA KAAS 

INPUT DATA, D OOOO XX) OY OON'T CARE ARRXXRRX XARA 
Vy L XKXXKRRKKX ry yy VY YY 9,9,9,4,9,4,9,9,9,0,4,9 
VOH 


OUTPUT, Q 
VOL 


read-write cycle timing 


VIH 
ADDRESS, A 


VIL 


VIH 
WRITE ENABLE, W 


CHIP SELECT, S$ 


INPUT DATA, D 


A 
; ta(s) > tPVZ,W oe *PVZ,S 
VOH | 


applications data 


Early write cycle avoids DQ conflicts by controlling the write time with S. On the diagram above, the write operation 
will be controlled by the leading edge of S, not W. Data can only be written when both S and W are low. Either S or W 
being high inhibits the write operation. To prevent erroneous data being written into the array, the addresses must be 
stable during the write cycle as defined by tsy(A), tw(W), and th(A). 
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MOS TMS 4016 NL 
LSI 2048-WORD BY 8-BIT STATIC RAM 


DECEMBER 1979 


e 2K X 8 Organization © TMS 4016 
: | 24-PIN PLASTIC 
e Single +5 V Supply DUAL-IN-LINE PACKAGE 
e Fully Static Operation (No Clocks, No Re- (TOP VIEW) 
fresh) 


> 
N 


e JEDEC Standard Pinout LJ24 Vcc 


2 [] 23 A8 

e 24-Pin 600 (15.2 mm) Mil Package Config- ‘ 02 ag 

uration = 

4 | 321 WwW 

e Plug-in Compatible with 16K 5 V EPROMs 6 i200 G 
e 8-Bit Output for Use in Microprocessor- 6 rJ19 =A10 

Based Systems 7 rjis § 
@ Max Access/Min Cycle . . . 450 ns : 17 a8 
e Tri-State Outputs with S for Or-ties : 16 pa’ 
eo 0 15 pas 
e G Eliminates Need for External Bus Buffers laa pas 
e Common I/O Capability ) 1913 va 


e All Inputs and Outputs Fully TTL Compatible 


e Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 


e N-Channel Silicon-Gate Technology 


Addresses 


e Power Dissipation Under 475 mW Max 


; : Data In/Data Out 
e Guaranteed dc Noise Immunity of 400.ni Chip Select 
with Standard TTL Loads Output Enable 


Write Enable 
Ground 
+5 V Supply 


description 


The TMS 4016 static PandomcaGeess memory is organized as 2048 words of 8 bits each. Fabricated using proven 
N-channel, sili¢on-gate MOS technology, the TMS 4016 operates at high speeds and draws less power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 
provided for = lenesiiine the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 


Of special importance is that the TMS 4016 static RAM has the same standardized pinout as Tl’‘s compatible EPROM 
family. This, along with other compatible features, makes the TMS 4016 plug-in compatible with the TMS 2516 (or 
other 16K 5 V EPROMs). Minimal, if any modifications are needed. This allows the microprocessor system designer 
complete flexibility in partitioning his memory board between read/write and non-volatile storage. 


The TMS 4016 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°C to 70°C. 


TURN TO PAGE 93 FOR EXPLANATION OF TMS 4016—16K 5V EPROM COMPATIBILITY. 
GRR EE SR CIR Ei GON RI ETO STINTS LORCA BALI SEA SNE SS EGG TELS TBS TB ITER 8B EE SER RESET ESE PEST ITO EERE SAT 
ADVANCE INFORMATION Copyright © 1979 by Texas Instruments 
This document contains information on 
a new product. Specifications are subject TEXAS I NSTRUMENTS 85 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 


Sa 
operation 
addresses (AQ-A10) 


The eleven address inputs select one of the 2048 8-bit words in the RAM. The address-inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 


output enable (G) 


The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-out terminals: 
When output enable is at a logic high level, the output terminals are disabled to the high-impedance state. Output enable 
provides greater output control flexibility, simplifying data bus design. 


chip select (5) 


The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in/data-out terminals. 
When chip select and output enable are at a logic low level, the D/O terminals are enabled. When chip select is high, 
the D/O terminals are in the floating or high-impedance state and the input is inhibited. 


write enable (W) 


The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 


data-in/data-out (DO1-DQO8) 


Data can be written into a selected device when the write enable input is low. The D/O terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of one 
Series 74 TTL gate, one Series 74S TTL gate, or five Series 74LS TTL gates. The D/Q terminals are in the high impe- 


dance state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same polarity 
as data-in. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply Voltage. Vere Gta NOE )) «24 bdeaeke debi boo eee REARS REE SR Oe ae es —0.5to7V 
Input voltage (any input) (see Note 1) 2... eee ee eee —O0.5to7V 
CONTINUOUS DOWEFCISSINGUON $< sis eG cw bo ae H45504 69.69% VIE CERES PERE Ee RE He eee SEs 1 W 
Operating free-air temperature range 6k eee 0°C to 70°C 
Storage femiperature range ca cacdawaedddawe eee heed eke e Pewee Gow OOS eee EES —55°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal, 

* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 


NN 


logic symbolt 


RAM 2048x8 


1,2 EN [READ] 


1C3 [WRITE] 


p01 (9) 


(10) 
(11) 
(13) 
(14) 
(15) 
(16) 


(17) 
DQ8 


TThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 


recommended operating conditions 


PARAMETER MIN NOM MAX | UNIT 
Supply voltage, Vcc 4.75 3) 5,25 


Supply voltage, Vss 


Operating free-air temperature, Tp 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Von High level voltage tons =200ua—«d'CVoc=atev if 2a 
yg, Lewiedivolag |g ama Vege Oa 
Fe nput current ovwsaey CSO A 


CS or OE at 2 V or Vo = 0 to 5.25 V 
loz Off-state output current -_ vA 
W at 0.8 V 
Suppl t from V coe Voc = 5.25 V A 
U current from = 5, m 
sas aed i Ta = 0°C (worst case) ce 


C; Input capacitance 
Co Output capacitance 


Tt All typical values are at Veo=5V.TA> O56 Cc. 


timing requirements over recommended supply voltage range and operating free-air temperature range 


te(rd) Read cycle time 


| 450 
ctw Witeeyletime OO OOOOCOCOC“‘“‘(CS*‘“‘CSWTU 48 
Pina) We pulewisth 
tsu(A) Address set-up time ee ae 
PisstS)_ Chip elect vt uptime 
aut) Datasetuptine 
tha) Addresshoidtime 


tGHWL Time interval, output enable high before write low fo 
tWLSL Time interval, write low before chip select low fe 


tWHGL __ Time interval, write high before output enable low 


tGLSH Time interval, output enable low before chip select high 


switching characteristics over recommended voltage range, Ta =0°C to 70°C, 1 series 74 TTL load, 


CL = 100 pF 
PARAMETER 


am Awww timeromaaes 
Access time from chip 
Access time from output 


Output data valid after 
tpyx 10 80 
address change 
: Output disable time after <5i; 
eae chip select high 


Output disable time after 


t 
PVZ,G output enable high 


T All typical values are at Vcc = 5 V, Ta = a5 Cc, 
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TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 


NNN 


read cycle timing** 


ViH 
ADDRESS, A 
VIL 


CHIP SELECT, S 


_ VIH 
OUTPUT ENABLE, G 


VIL 


VOH 


OUTPUT DATA, Q 
VOL 


—— 


All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 
nanoseconds, 
** Write enable is high for a read cycle, 


early write cycle timing 


VA /V/ AA/A\AA/ 
XN OY 


ADDRESS, A AY 


SXXY 


WRITE ENABLE, W 


CHIP SELECT, S 


OUTPUT ENABLE, G 


YYYYJY{IY®WVW@®¥ U”@ YJ Y®YW®@YW®#@®@YYYWYYWYYYYY VY WAAAAAZA 
INPUT DATA, OORORR RRR PAAR ORY 
RAY XY) QW 
OUTPUT, Q HIi~—Z 
VOL 
PRINTED IN USA. 
Tl cannot assume any responsibility for any circuits shown 
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| ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


MOS TMS 4008 NL 
LSI 1024-WORD BY 8-BIT STATIC RAM 


DECEMBER 1979 


e 1K X 8 Organization TMS 4008 
24-PIN PLASTIC 
e Single +5 V Supply DUAL-IN-LINE PACKAGE 
e Fully Static Operation (No Clocks, No Re- (TOP VIEW) 
fresh) 
A7 Vcc 
e JEDEC Standard Pinout 
AG A8 
e 24-Pin 600 (15.2 mm) Mil Package Config- ne a 
uration _ 
A4 W 
e Plug-in Compatible with 8K 5 V EPROMs Ag OE 
e 8-Bit Output for Use in Microprocessor- A2 AR* 
Based Systems re aS 
e Max Access... 450 ns AO [17 pas 
e Tri-State Outputs with CS for OR-Ties siete ie. OE? 
Seat pa2 rJ15 pas 
e OE Eliminates Need for External Bus Buffers An Mae “BOE 
e Common |/O Capability Vss 43 pas 


e All Inputs and Outputs Fully TTL Compatible 


e Fanout to Series 74, Series 74S, or Series 74LS 
TTL Loads 


e N-Channel Silicon-Gate Technology 


| if TMS 4008-NLO 
if TMS 4008-NL1 


e Power Dissipation Under 475 mW Max Addresses 


Array Select 
Data In/Data Out 
Chip Select 
Output Enable 
Write Enable 
Ground 
+5 V Supply 


e Guaranteed dc Noise Immunity of 400 mV 
with Standard TTL Loads 


description 


The TMS 4008 static m-access memory is organized as 1024 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4008 operates at high speeds and draws less power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control is 
provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 


Of special importance is that the TMS 4008 static RAM has the same standardized pinout as Tl’s compatible EPROM 
family. Minimal, if any modifications are needed. This allows the microprocessor system designer complete flexibility in 
partitioning his memory board between read/write and non-volatile storage. 


The TMS 4008 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°C to 70°C. 


COMPLETE INFORMATION MAY BE OBTAINED FROM YOUR LOCAL TI SALES OFFICE OR AUTHORIZED DISTRIBUTOR LISTED 
NEAR THE FRONT OF THIS DATA BOOK. 


ADVANCE INFORMATION Copyright © 1979 by Texas Instruments 
This document contains information on 


a new product. Specifications are subject TEXAS I N ST RU MEN TS 
to change without notice. INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 
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EPROM COMPATIBILITY 


All Tl EPROMs are pin compatible with each other and with industry standard ROMs. Tl EPROMs fall into two general 
categories: single +5 V power supply and triple supply (+12, +5, —5 V). +5 V EPROMs range in density from 8K to 64K; 
triple supply devices from 8K to 16K. Pinouts for these devices are shown below. 


+5 V Supply 


TMS 2564 


TMS 2532 
32K 


TMS 2516 
16K 


TMS 2508 


* Connected internally, Vec need be supplied to only one of these two pins. 
Triple Supply 


TMS 2716 
16K 


TMS 2708 
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Industry standard 5 V ROM pinouts are listed in the table below. 


24 PIN ROM 

A7 1 24 Vcc 
AG 2 23 A8 
A5 3 22 AQ 32K 
A4 4 21 

A3 5 20 

A2 6 19 

Al 7 18 

AO 8 17 Q8 
Qi 9 16° O7 
Q2 10 15 Q6 
Q3 11 14 Q5 
Vss 12 13 Q4 


Upgrading between any two consecutive EPROM densities requires at most one jumper (if programming is done outside the 
system). Switching from 5 V EPROM to 5 V ROM also requires at most one jumper. 


64K EPROM — 64K ROM 


Tl’s 64K EPROM, the TMS 2564, bridges the gap between 24-pin and 28-pin devices. This is because the lower 24 pins of TI's 
64K EPROM are identical to the industry standard 64K ROM. Once the 28-pin socket is designed in, switching from EPROM 
to ROM is straight forward. Upgrading from 32K EPROM to the TMS 2564 is just as simple once the 28-pin socket is reserved. 


RAM - EPROM COMPATIBILITY 
TMS 4016 - TMS 2516 


TMS 4016 TMS 2516 
2K X 8STATIC RAM 2K X 8 5V EPROM 

A7 vcc A7 1 Vcc 

A6 A8 AGB 2 A8 

A5 AQ A5 3 AQ 

A4 w* A4 4 Vpp* 

A3 OE * A3 5 cs" 

A2 A10 A2 6 A10 

Al cs* Al 7 PD/PGM* 

AO Das . AO 8 er :} 
DaQ1 DQ7 Q1 9 Q7 
DQ2 DO6 Q2 10 Q6 
DQ3 DO5 Q3 11 Q5 
Vss DO4 Vss 12 Q4 


*These pins though apparently different are compatible when switching to the TMS 2516, 


Memory boards may now be designed with essentially one pinout type, leaving read/write versus read-only partitioning deci- 
sions until later. TI’s TMS 4016 static RAM is plug-compatible with 16K 5 V EPROMs. Extensive compatibility exists between 
the TMS 4016 and TMS 2516. Both the TMS 4016 and TMS 2516 have a 2K X 8 organization. Both come in 600 mil, 24-pin 
DIP packages. As can be seen above all addresses, data-in/data-out, and Vss and Vcc are on the same pins on both devices. 
And the three other pins, 18, 20, and 21 are also compatible. Compatibility also applies to input and output currents and 
voltages and to timing requirements. To find out more please write: Texas Instruments, P.O. Box 1443, M/S 6965, Houston, 
Texas 77001, for the RAM-EPROM Compatibility Application Brief. Or call or write your nearest TI sales office or authorized 
distributor. 
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Mos TMS 2508 JL 
LSI FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


® Organization...1K x 8 TMS 2508 


@ Single +5 V Power Supply 24-PIN CERPAK 
e Pin Compatible with Existing ROMs and ae 
EPROMs (8 K, 16 K, and 64 K) 
@ JEDEC Standard Pinouts A7 1): VCC 
@ All Inputs/Outputs Fully TTL Compatible nee me 
@ Static Operation (No Clocks, No Refresh) can ‘ 
® Fast... Down to 250 ns ae : Mi 
@ 2 Performance Ranges se = ve 
Max Access/Min Cycle 
TMS 2508-25 250 ns pl. fl PD/PGM 
TMS 2508-30 300 ns AO 8 ag 
® 8-Bit Output for Use in Microprocessor- Qi 9 Q7 
Based Systems 
@ N-Channel Silicon-Gate Technology 
@ 3-State Output Buffers 
@ Low Power 


— Active... 250 mW Typical PIN NOMENCLATURE 
— Standby... 50 mW Typical 


. . . Address Inputs 
@ Guaranteed dc Noise Immunity with 


CS | Chip Select 
Standard TTL Loads PD/PGM Power Down/Program 

@ No Pull-Up Resistors Required NC No internal Connection 

Q(N) Input/Output 

Vcc +5 V Power Supply 

Vpp +25 V Power Supply 

Vss 0 V Ground 

description 


The TMS 2508 is a high-speed 8192-bit, ultraviolet light erasable, electrically programmable read-only memory. It is 
fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and Bipolar circuits. 
All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of external pull- 
up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three- 
state for OR tying multiple devices on a common bus. 


Both versions operate from a single +5-V supply (in the read mode), making them ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms. pulse. For programming outside the system, existing] 5-V EPROM programmers can be used. Locations 
may be programmed singly, in blocks, or at random. Total programming time for all bits for the TMS 2508 is 50 
seconds. 


Devices are offered in a 600-mil (15.2-mm) cerpak (JL suffix) package rated for operation from 0°C to 70 C. 


ee 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


operation 


ete | Down 
DISABLE DOWN | PROGRAMMING | PROGRAMMING | VERIFICATION 

| PD/PGM_ | 18 | Vu | Don'tCare_ | VIM 
cs <n Don't Care VIH 


+25 V (or +5 V) 
HI-Z 


[aes 
omis7[ of az | 


read/output disable 


When the outputs of two or more TMS 2508's are commoned on the same bus, the output of any one device in the cir- 
cuit can be read with no interference from the competing outputs of the others. The TMS 2508 whose output is to be 
read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other 2508's in the circuit should have 
their outputs disabled by applying a high-level signal to at least one of these same pins. (PD/PGM can be left low, but it 
may be advantageous to power down the device during output disable). Output data is accessed at pins Q1 to O8. Data 
can be accessed in 250 or 300 ns = ta(A). (Access time from CS is 125 or 150 ns = ta(CS), once the addresses are stable). 


power down 


Active power dissipation can be cut by 70% by applying a high TTL signal to the PD/PGM pin. In this mode all outputs 
are in a high-impedance state. 


erasure 


Before programming, the TMS 2508 is erased by exposing the chip through the transparent lid to high-intensity ultra- 
violet light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity X exposure 
time) is fifteen watt-seconds per square centimeter. A typical 12-milliwatt-per-square-centimeter, filterless UV lamp will 
erase the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. 
After erasure, all bits are in the high state. 


start programming 


After erasure, logic lows are programmed into the desired locations. A low can be erased only by ultraviolet light. The 
programming mode is achieved when Vpp is 25 V and CS is at Vj. Data is presented in parallel (8 bits) on pins Q1 to 
Q8. Once addresses and data are stable, a 50 millisecond TTL high-level Pulse should be applied to the PD/PGM pin for 
each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 
any order. More then one TMS 2508 can be programmed when the devices are connected in parallel. 


inhibit programming 
When two or more TMS 2508's are connected in parallel, data can be programmed into all devices or only chosen devices. 


Devices not intended to be programmed (i.e., inhibited) should have a low level applied to the PD/PGM pin and a high- 
level applied to the CS pin. 
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program verification 


TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


A verify is done to see if the device was programmed correctly. It can be done on each location 
immediately after that location is programmed and can be done at any time. To do a verify Vpp may be 


kept at +25 V. 


Supply voltage, Vcc (see Note 1) 
Supply voltage, Vpp (see Note 1) 
Allinput voltages (see Note 1) .................... 008 
Output voltage (operating with respect to Vss) 
Operating free-air temperature range 
Storage temperature range 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vss (substrate). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


—0.3to6V 
—0.3 to 28 V 
—0.3to6V 
—0.3to6V 
0°C to 70°C 


—55°C to 125°C 


*Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent idamage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


PD/PGM 


cs 
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tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


Read cycle time, tc(rq) For TMS 2508-30 300 
Operating free-air temperature, TA 0 


NOTES: 2. Vec must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be in- 
serted into or removed from the board when Vcc or Vpp is applied so that the device is not damaged. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V)., 


electrical characteristics over full range of recommended operating conditions 


TEST CONDITIONS 
ioL= 2.1 mA 
Vpp = 5.25, PD/PGM = Vit 


Vpp supply current 
| PD/PGM = V 
PP2 (during program pulse) me 


Icc2. + Vccsupply current (active) CS = PD/PGM = Vi, 


tTypical values are at Ta = 25°C and nominal voltages. 
*AC timing measurements made with 50% pattern and at 90% points. 


capacitance over recommended supply voltage and operating free-air temperature range 
f= 1 MHz | | 


PARAMETER | TEST CONDITIONS TYPt MAX | UNIT | 
V| = OV, f=1MHz P46 


Ci 
Co Output capacitance Vo = OV, f = 1 MHz 


tAll typical values are Ta = 25°C and nominal voltage. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
-ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


switching characteristics over full ranges of recommended operating conditions (see note 4) 


PARAMETER 


ta(A) Access time from address 
ta(CS) | Access time from chip select 
tpyvx Output not valid from address change 


; Output disable time from chip 
PXZ deselect during read only 


Output disable time from chip deselect 
during program and program verify 


TEST CONDITIONS 


TMS 2508-25 TMS 2508-30 


MIN TYPt MAX|MIN TyPt MAX 


180 250 215 300] ns | 


(SEE NOTE 4) 


Cy = 100 pF, 


1 Series 74 TTL load, 
trs 20 ns, 


tf= 20ns 


tpxZ 


Output disable time from PD/PGM 
during standby 


‘tPXZ 


ta(PD) | Access time from power down 


Tal typical values are at Ta = 25°C and nominal voltages. 


NOTE 4. For all switching characteristics and timing measurements, input pulse levels are 0.8 V to 2.0 V and Vpp = 25 V + 1 V during pro- 
gramming. 
All AC and DC measurements are made at 10% and 90% points with a 50%) pattern. 


recommended timing requirements for programming Ta = 25°C (see Note 4) 


PARAMETER 


Address setup time 


tsu(CS) Chip-select setup time 
tsu(D) Data setup time 
Setup time from Vpp 
Address noid time 
Chip-select hold time 
th(D) Data hold time 


tTypical values are at nominal voltages. 


NOTE 4. For all switching characteristics and timing measurements, input pulse jevels are 0.8 V to 2.0 V and Vpp = 25 V + 1 V during 
programming. 
All AC and DC measurements are made at 10% and 90% points with a 50%| pattern. 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT | 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


read cycle timing 


| | 
oe | LKKKXKXXY) 
vonesses PRR RK 


ViL 


| 
| | 
ViL | | | | 
' | i | 
VIH ; 
PD/PGM | | | | 
| | 
Yi —<&£&£2X-—_— sv 
| —>|ta(cs) /~*— —>|  |+— tpxz 
You — ta(A) 
Vv 
OL | ; 
standby mode 


ViH 
ADDRESSES ADDRESS N ADDRESSN+m 
Vit 


| 
| | 
PD/PGM ViH | 
f STANDBY ACTIVE 
Vit 


tpxz | ta(Pp)t | 


VOH 
Q1-08 VALID t HI-Z VALID 
VOL 


NOTE: CS must be in low state during Active Mode, ‘‘Don’t Care’ otherwise. 
tta(PD) referenced to PD/PGM or the address, whichever occurs last. 


Se eS I IO OIE DESTIN IG TI OT IR EE SOTA TE NEL EEG ET I I ES SEE ES SUS 
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TMS 2508 JL 
FAST 1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


program cycle timing 


PROGRAM 
|<} oe eee eee 
PROGRAM VERIFY —>| 


| 
ViH 
| | ADDRESS 
ADDRESSES | 
ViL 
ViH | , 
= | | ) 
ViL | 
| | | | . 3 | 
fe St) hole | | 
4 | 
Vv | u(D) i | 
PD/PGM 1H | > | 
| 
| 


| tripR) ey ee | : | 
| tsu(Vpp) > —>! = tf(PR) 
[~ ) | 
+25 V 
Vpp | | | 
, | | 
+5 V | | 
| | | | 
| | 


VOH/VIH 
Q1— 08 DATA OUT DATA IN HI-Z DATA 
OUT 
VoL/VIL | 


ES SSS GSS I SI SET SP A SE TS OE a OTN 


TEXAS INSTRUMENTS 101 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS] TEXAS 75265 


Fae <b Sed 8 5 ie ti 
a 7h ty “a sat a - ps “i rf 
oe a ee | ar ~ eel elt oa : a 
Fam SE a et i —— 

a i 


gaat ee ee =I 
tas Ma —. -- alle . Adee, com = + il , Me Pty 
< a 96 un a) [a os CR eh Cia Lee 
= hg 7 — 7 pcs _ = re a" 
ii eS a rs a ee = me > em a ie = oo 
‘. ; Z Ltn es - ' Ses a 
7% nf a ; * > a 
ws 
ar Saci ne 
p ee 
ee eae 
cont aan 
ed . 3 ig i 
t cot a bod 
ee a an 7 
= -. i oe 
’ ne re we g 
f - a , 
ow - aa roe cs 7 fied 
7! a a 7 
. tient neh Setiet Bete a 
ri . a eS = 7 e 
dees! Soa a <= ie ae al ee re =f Se ee i ; 
SRE sei eee ye eae . 
a " . PD ind ; 
1 A 
wa ag a a 
A : ied 
=o = + : 
- _ ~ s < ra : g Ee 
= a - 5 ? ~ “ 
= y hee ® . = . at oe - __ » ‘ . : , ‘ : = ‘ . E 7 ‘ 7 as oF 7 ‘ 7 a = a ae a pat 
- Lo mtn aw : cl Z LS no : : a 7 ae ee ~ 7 = ae 7 7 a. 6. her. : os nN Pe as Sie ‘cr : 4 ee 4 = ras ant E> 
" af " eT. oe - b . - aa . 4 aa } 7 a a 7 — , i fo te a kgrd a ie a +. ‘me an é 3 5- 
- : oN,” er f : " 7 i ; 7 <7 ee ar Cen 2 : = " 4 aa ” ‘ - ee err . 7 Pa we A : : ‘ 
1 Hos es 6 ; is ; oe eu ee » ‘ Ws ; — es : es ee ; <— ; te 4 at é : : at) = as. su hk.) Giae ae he Phe a oe = . 
f a an y ty = - Late ok _o . a : * _ <o. ¥ ; : D 7 = ‘ at : - 
ota aa co =i : | Wee “* ' ; f 4 
7 2 
bls i 
oP 
eae 
ny 
iz. _ 
Se aa ls iy 
¢ 
om 
a 
=> a, 
ca 
pee 
aa # > 4 
2 ee Go ' 
i a 
oe a 
: e, 
ee 3 / 
= oe re. 
> i : 
ee 
ae ae i oS * 
ee 
72 ie 
ee 
es : 
~s 
. ». 
(er ae 
raw 
ae 


- = 
- “ iE tes. 
I we Pee 
a AL glee aa oe 
Ge ie gt ee 
i? ae 
oe 
ee a 4 
ae 
— 
oy 
“3 


iA om : * = yal : A, ee 
ee ee = nee ay ¥F hes aaek rel os de hae yi ; 


os . . me : 
_ igh pa Se —— is ay hee “ . < - ee “ee a, 
Pe a gee nee ot a eed. Lana ap ae Lhe —- ae see 
ae Pete ee Fhe ny mane Sap aes mk a anny eee ele eae Rene ere ed 
*~ os 1 —_. 
Ha x Ae a Stare Rome a or are). aii ye 5 ae i aa 
:. a ing fr ly Le a 7 ' 


MOS TMS 2516 JL AND TMS 2516-35 JL 
LSI 16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


e Organization...2K X8 


a 24-PIN CERPAK 
e Single +5 V Power Supply DUAL-IN-LINE PACKAGE 


e Pin Compatible with Existing ROMs and (TOP VIEW) 
EPROMs (8K, 16K, 32K, and 64K) 


A7 1 VGC 
e JEDEC Standard Pinout , AB 2 A8 
e All Inputs/Outputs Fully TTL Compatible A5 3 AQ 
e Static Operation (No Clocks, No Refresh) ane la 
e Max Access/Min Cycle Time na va 
A2 6 A10 
— TMS 2516-35... 350 ns A1 7 PD/PGM 
— TMS 2516... 450 ns = mG ® og 
e 8-Bit Output for Use in Microprocessor- Q1 9 Q7 
Based Systems 02 10 Q6 
e N-Channel Silicon-Gate Technology 03 11 O5 
e 3-State Output Buffers Vss 12 Q4 


e Low Power 


— Active ...285 mW Typical a a. eres 
— Standby . . . 50 mW Typical ek ae 
cS Chip Select 
e Guaranteed DC Noise Immunity with PD/PGM Power Down/Program 


Standard TTL Loads Q(N) Input/Output 


Vcc +5 V Power Supply 


e No Pull-Up Resistors Required 
+25 V Power Supply 


0 V Ground 


description 


The TMS 2516 and TMS 2516-35 are 16,384-bit, ultraviolet-light erasable, electrically programmable read-only memories. 
These devices are fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and 
bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of 
external pull-up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data out- 
puts are three-state for connecting multiple devices to a common bus. The TMS 2516-35 is plug-in compatible with the 
TMS 4016 16K static RAM. It is offered in a dual-in-line cerpak package (JL suffix) rated for operation from 0°C to 
70°C. 


Since these EPROMs operate from a single +5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 
be programmed singly, in blocks, or at random. Total programming time for all bits is 100 seconds. 


TEXAS INSTRUMENTS 103 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


104 


TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


operation 


FUNCTION 
Output Start Inhibit Program 
(PINS) Power Down 
Disable Programming a Verification 
Don't Pulsed Vi. 
to Vip 


(9 to 11, 
13 to 17) 


read/output disable 


When the outputs of two or more TMS 2516's and/or TMS 2516-35's are connected to the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 
device whose output is to be read should have a low-level TTL signal applied to the CS and PD/PGM pins. All other de- 
vices in the circuit should have their outputs disabled by applying high-level signal to these same pins. PD/PGM can be 
left low, but it may be advantageous to power down the device during output disable. Output data is accessed at pins 
Q1 through O8. On the TMS 2516 data can be accessed in 450 ns and access time from CS is 150 ns. On The TMS 2516-35 
data can be accessed in 350 ns and access time from CS is 120 ns. These access times assume that the addresses are stable. 


power down 


Active power dissipation can be cut by 80% by applying a high TTL signal to the PD/PGM pin. In this mode all outputs 
are in a high-impedance state. 


erasure 


Before programming, the TMS 2516 or TMS 2516-35 is erased by exposing the chip through the transparent lid to high- 
intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12-milliwatt per- 
square-centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the ‘‘1’’ state (assuming a high-level 
output corresponds to logic ‘’1“’). 


start programming 


After erasure (all bits in logic ‘“1“’ state), logic ‘‘O’s’’ are programmed into the desired locations. A “0’’ can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V and CS is at ViH. Data is presented in 
parallel (8 bits) on pins Q1 through O8. Once addresses and data are stable, a 50-millisecond TTL high-level pulse 
should be applied to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. 
Locations can be programmed in any order. Several TMS 2516’s and/or TMS 2516-35's can be programmed simulta- 
neously when the devices are connected in parallel. 
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inhibit programming 


When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2516's or TMS 2516-35's not intended to be programmed (i.e., inhibited) should have a low level applied to the 
PD/PGM pin and a high-level applied to the CS pin. 


Program verification 


A verification is done to see if the device was programmed correctly. A verification can be-done at any time. It can be 


done on each location immediately after that location is programmed. To do a verification, Vpp may be kept at +25 V. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, Vcc (see Note 1) 6... ee eee ake ae eh ae —0.3 to6 V 
Supply voltage, Vpp (see Note 1)... ee ee ee ee ee ee eee eee eanas —0.3 to 28 V 
All input voltages (see Note 1) we ee eee eee eee eee ee eee eee —0.3 to6 V 
Output voitage (operating with respect to VSS) wk ee eee eee te... —0.3t06V 
Operating free-air temperature range... . ee ee ee ee ee ee ee ee eee ena 0°C to 70°C 
Storage temperature range ......... ee ee ee ee ee ee ee ee —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most negative supply voltage, Vss (substrate). 


*Stresses beyond those listed under ‘’Absolute Maximum Ratings’‘ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 
EPROM 2048x8 

AO 

Al 

A2 

A3 

AA 

AS 

AG 

AT 

A8 

IX 

A10 10 

PD/PGM [PWR DWN] 

cs 
9) a4 
(10) 6 
Lee 
(13) G4 
(14) os 
(15) a6 
(16) 
ie 


tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in [EEE and !EC. See explanation on page 183. 
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TMS 2516 JL AND TMS 2516-35 JL 
16.384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


Read cycle time, t¢(rd) 
Operating free-air temperature, TA 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted into or removed from the board when Vpp or V¢c¢ is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 25 V (+ 1V). 


electrical characteristics over full ranges of recommended operating conditions 


10 


IPP4 Vpp supply current , Vpp = 9.25 V, PD/PGM = Vit ee 2 ee 
Vpp supply current 

Ipp2 is y PD/PGM = Vip 30 | mA 
(during program pulse) 
Vcc supply current 

| PD/PGM = V 

cer (standby) | rorcm=vm | te ma 
V supply current — 

loco ce CS = PD/PGM = V4, 57. +100] ma 
(active) . 


tTypical values are at Ta = 25°C and nominal voltage. 
*All AC and PC measurements are made at 10% and 90% points with a 50% pattern. 


capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz* 


TAI typical values are Tq = 25°C and nominal voltage 
*Capacitive measurements are made on sample basis only 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


PARAMETER 


deselect during read only 


Output disable time from chip deselect 


t 
PX during program and program verify 


tpxz Output disable time from PD/PGM 


TEST CONDITIONS TMS 2516 
(SEE NOTES 4 AND 5) 
MIN TYPt MAX 
280 450 


Ci. = 100 pF, 
1 Series 74 TTL load, 
tr<20 ns, 


t-<20 ns 


TA typical values are at Ta = 25°C and nominal voltages. 


TMS 2516-35 . 
UNIT 
MIN TYPt MAX 
250 


recommended timing requirements for programming TA = 25°C (see Note 4) 


PARAMETER 
tw(PR) Pulse width, program pulse 
tr(PR) 
te(PR) 
tsu(A) 
tsu(CS) 
tsu(D) 


Rise time, program pulse 
Fall time, program pulse 
Address setup time 
Chip-select setup time 
Data setup time 


tsu(VPP) Setup time from Vpp , 


Address hold time 
Chip-select hold time 
Data hold time 


th(A) 
th(CS) 
th(D) 


tTypical values are at nominal voltages. 


MIN TYPt MAX] UNIT 


| 45 5055 | 

a oe 
Pes 
Pp 2 
ee ee 
ee ee 
ae i ae 
re ee 
are Fee 
ee Fe 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming. All AC and DC measurements are made at 10% and 90% points with a 50% pattern. 
5. Common test conditions apply for tpxz except during programming. For ta(a), ta(CS), and tpxz, PD/PGM = CS = VIL. 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


107 


TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


read cycle timing 


j-—_—————_—_—_—————— tera) —_____——>} 
| \ 


ON XX aM 


l 
, | 1 heap en 
Vin 
- { | 
cs { | | 
Vit ! | | | 
‘ [ i | 
ViH ' 
PD/PGM | | | | 
| | | 
vi] —_— >aqyqe UH 
| —>}"a(cs) -— —>| —*xz 
Von — tai) 
VOL 


standby mode 


ViH 
ADDRESSES ADDRESS N ADDRESS N+m 
Vit 


ViH 
PD/PGM STANDBY | ACTIVE 
Vit ! 


tpxz | ta(pr)t | 
VOH 
01-08 VALID HI-2 VALID 
VOL 


NOTE: CS must be in low state during Active Mode, ‘Don’t Care’’ otherwise. 
Tta(PR) referenced to PD/PGM or the address, whichever occurs last. 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 


SLL Te aE AE SN RT A NE ea LE SE SS FE a I ECO 


108 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TMS 2516 JL AND TMS 2516-35 JL 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


program cycle timing 


PROGRAM 
-————$_—____— PROGRAM een eee —>+| 
| VERIFY 


ADDRESSES 


PD/PGM 


IN 
| ee ea : | 
tsu(V ~ eel __ 
[+ teu(vep) , 
+25 V 
Vpp . | : | 
+5 V 
| | 
— : | | 
| | | 


| | 
VoH/VIH 


Q1—08 DATA OUT DATA IN HI-z DATA 
OUT 
VoL/VIL 


SS SAS ES TT FE I aE ST a EE OE SE | 
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typical device characteristics (read mode) 


TMS 2516 
TMS 2516-35 
Icc CURRENT 
VS 
TEMPERATURE 


loca ACTIVE CURRENT 
PD/PGM = Vi. 


IcC(mA) 


- TEMPERATURE (°C) 


TMS 2516 
TMS 2516-35 
ACCESS TIME 
vs 
TEMPERATURE 


tains) 


TEMPERATURE (°C) 


PRINTED IN U.S.A. 
Ti cannot assume any responsibility for any circuits shown 
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MOS TMS 2532 JL AND TMS 25132 JL 
LSI _ 32,768-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


e Organization...4K X8 
. . 24-PIN CERAMIC 
DUAL-IN-LINE PACKAGE 


e Single +5 V Power Supply 


e Pin Compatible with Existing ROMs and (TOP VIEW) 
EPROMs (8K, 16K, 32K, and 64K) i 
e JEDEC Standard Pinout ae 8 VCC 
All | /O Full i = 
@ 
nputs/Outputs Fully ie Compatible A5 3 AQ 
e Static Operation (No Clocks, No Refresh) A4 4 Vpp 
e Max Access/Min Cycle Time...450 ns A3 5 PD/PGM 
e 8-Bit Output for Use in Microprocessor- ae 2 mie 
Based Systems Al 7 All 
e N-Channel Silicon-Gate Technology a - 
Qi 9 Q7 
e 3-State Output Buffers Q2 10 O6 
e 40% Lower Power QO3 11 O5 
TMS 25L32 . . . 500 mW Max Active Vss 12 Q4 
TMS 2532 ... 840 mW Max Active 
e Guaranteed DC Noise Immunity with PIN NOMENCLATURE 
Standard TTL Loads A(N) Address inputs 


PD/PGM Power Down/Program 


@ No Pull-Up Resistors Required 
Q(N) Input/Output 


Vcc +5 V Power Supply 
Vpp +25 V Power Supply 
Vss 0 V Ground 


description 


The TMS 2532 JL and TMS 25L32 JL are 32,768-bit, ultraviolet-light-erasable, electrically programmable read-only 
memories. These devices are fabricated using N-channel silicon-gate technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without 
the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit without external resistors. The 
data outputs are three-state for connecting multiple devices to a common bus. The TMS 2532 and TMS 25L32 are plug- 
in compatible with the TMS 4732 32K ROM. The devices are offered in a dual-in-line ceramic package (JL suffix) rated 
for operation from 0°C 10 70 C. 


Since these EPROMs operate from a single +5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring a 
single 50-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations may 
be programmed singly, in blocks, or at random. Total programming time for all bits is 200 seconds. 


SS nS SSS EO 
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TMS 2532 JL AND TMS 25132 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


operation 


FUNCTION 
(PINS) 


Output Inhibit 
Power Down 
Disable aie a 
to VIL 


13 to 17) 


read/output disable 


When the outputs of two or more TMS 2532's and/or TMS 25L32’s are connected on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. The 
device whose output is to be read should have a low-level TTL signal applied to the PD/PGM pin. All other devices in 
the circuit should have their outputs disabled by applying a high-level signal to this pin. Output data is accessed at pins 
Q1 through O8. Data can be accessed in 450 ns = ta(A). 


power down 


Active power dissipation can be cut by over 70% by applying a high TTL signal to the PD/PGM pin. In this mode all 
outputs are in a high-impedance state. 


erasure 


Before programming, the TMS 2532 or TMS 25L32 is erased by exposing the chip through the transparent lid to high- 
intensity ultraviolet light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure 
dose (UV intensity times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per 
square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. After erasure, all bits are in the ‘1’ state (assuming high-level 
output corresponds to logic ‘’1°’). 


start programming 


After erasure (all bits in logic ‘‘1“’ state), logic ‘‘0’s’’ are programmed into the desired locations. A “0’’ can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) 
on pins Q1 through O8. Once addresses and data are stable, a 50-millisecond TTL low-level pulse should be applied to 
the PGM pin at each address location to be programmed. Maximum pulse width is 55-milliseconds. Locations can be 
Programmed in any order. Several TMS 2532’s and/or TMS 25L32’s can be programmed simultaneously when the 
devices are connected in parallel. 
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inhibit programming 


When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
TMS 2532's and/or TMS 25L32’s not intended to be programmed should have a high level applied to PD/PGM. 


program verification 


The TMS 2532 and TMS 25L32 program verification is simply the read operation, which can be performed as soon as 
Vpp returns to +5 V ending the program cycle. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) ..... e e eee ee eee teen ee tnneas —0.3to6V 
Supply voltage, Vpp (see Note 1) 6... ee ee ee eee nent een eeneneens —0.3 to 28 V 
All input voltages (see Note 1) 6 ee eee ee ne ee ee ene eee eeeenas —0.3to6V 
Output voltage (operating with respect to VSS) ww wk ee ee eee ee ee ee ee es —0.3to6V 
Operating free-air temperature range... 1... ee ee te ee eee eee teen nee 0°C to 70°C 
Storage teImiPeratUreTONGe: 1a ck stave baw eden ddan ded aoe adware ee hd at eee ew: ~—55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most negative supply voltage, Vssg (substrate). 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


EPROM 4096x8 


A10 


Al 11 


PD/PGM (20) 


a 
Uh 
A 
as 
a 
a 


TThis symbol is in accordance with |EEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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TMS 2532 JL AND TMS 25132 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


TMS 2532 TMS 25L32 
PARAMETER UNIT 
MIN NOM MAX | MIN) NOM MAX 


4.75 5 5.25 | 4.75 5 5.20 V 


| ov | 
pons 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted into or removed from the board when Vpp is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V). 


electrical characteristics over full ranges of recommended operating conditions 


TMS 2532 TMS 25L32 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPtT MAX | MIN. TYPT MAX 


[VoL Low-level ourputvorrage™ [ion=2tmaSOS—~iSC“‘“‘CSSS!C#C(OMSCTO] 
Ty Input current leakage) [Vis825v—SSOSCS~—SSSSSCSC~Ct YE SCSCS~S~SO 
Mig Output current (leakage [Vo=525VSOSCSCSC~SSSSCSC—SSOSCSC—O Yn 


Vpp supply current —_ 
fee PD/PGM = Vi, 30 30 | mA 
(during program pulse) 
V supply current oie 
lect eae PD/PGM = ViH 10 25 10 25 
V supply current —— 
IoC2tacrive) incisal kd ed 
! 


* AC and DC measurements are made at 10% and 90% points using a 50% pattern. 


capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz+ 


PARAMETER TEST CONDITIONS TYPt MAX | UNIT 


+ fc) . 
Ls Typical values are Tq = 25 C and nominal voltages. 
+ Capacitance measurements are made on a sample basis only. 


ST a TSS epee eemeneeneemoeereeeeeeememee eee 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


TEST CONDITIONS TMS 2532 
PARAMETER (SEE NOTES 4 AND 5) TMS 25L32 


ta(A) Access time from address C_ = 100 pF, 
tg(PR) Access time from PD/PGM 1 Series 74 TTL load, 
tpyx Output not valid from address change t-<20 ns, 


tpxz Output disable time from PD/PGM t¢<20 ns 


T Al typical values are at Ty, = 25°C and nominal voltages. 


recommended timing requirements for programming T A = 25°C (see note 4) 


iwiPR) Pulse width, program pulse SSCS] 
Tinea) Rise time, prowrampuse 
iieRy _-Falltive, program puke SSCS 
eutver) Setup timevomVep 
Pinion) Prorampukenoistime 
Ptnivpp)_Vepholdtime —SSSSSCSCSCS—SCSCSCSCSC“C‘“‘“‘“*‘“‘“‘“‘“‘“‘“<CS ds 


- Typical values are at nominal voltages. 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming, All AC and DC measurements are made at 10% and 90% points with a 50% pattern, 
5. Common test canditions apply for tpxz except during programming, For ta(q) and tpxzZ, PD/PSM @ Vics 
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TMS 2532 JL AND TMS 25132 JL 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


read cycle timing 


fet Fore) —__—_____—»| 
| | 


ViH ORE VAAPA RA AAV 
0.0.0.0:6.0 KAA AKAM) 
sili 88.8680 ee 0" 


— tpvx a 


| 
__ ViH : 
PD/PGM ) 
ViL | | | 
| lo ta(PR) — ee texz 
VOH | 
Q1-a8 


) HI-2 VALID 
VOL 


Le—— ta) —— 


NOTE: There is no chip select pin on the TMS 2532 and TMS 25L32. 
The chip-select function is incorporated in the power-down mode, 


standby mode 


ViH 
ADDRESSES ADDRESS N ADDRESS N +m 
Vit 
PD/PGM ViH | | 
STANDBY ACTIVE 
Vit | 


| | 
eon | 
xz | ta(pr)t | 


VOH , 
Q1-08 VALID HI-Z VALID 
VOL 


Tta(PR) referenced to PD/PGM or the address, whichever occurs last. 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 
SSS ns 
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program cycle timing 


ADDRESS 


PD/PGM 


Vpp 


Q1 — Q8 


VERIFY 


| 


jo—— tsu(A) —# , -— "n'a $< 


ViH 


VIL 


oe [otwiPRi-e| | 

VIL “4 : | ) | ) 
su(Vpp) | 

+25 V . wer ea see 


YY tPRI—e| fo 


| 
| | 
| teu(D) > re th(Vpp)— J | 


ome ke— th(D) 
VoH/ViH 
DATA 
DATA IN HI-Z 
VoL/ViL 


+5 V 


*Program verify equivalent to read mode. 
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TMS 2532 JL AND TMS 25132 JL 
32.768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


typical device characteristics (read mode) 


aeoee TMS 251.32 
NT 
loc CURRENT ice CURRE 
vs. vs 
TEMPERATURE TEMPERATURE 


Icc2 ACTIVE CURRENT 


< < 80 PD/PGM = VIL 
° _ eh 
“a loc, STANDBY CURREN az lcc1 STANDBY ~~ 
PD/PGM = 4 ohn PD/PGM = ae 
a _{" Vcc = 5V Me ise Vec= 5V 
0 ———— 0 j~{ {| 
0 10 20 30 40 50 0 10 20 30 40 50 60 70 
TEMPERATURE (°C) TEMPERATURE (°C) 
TMS 2532 
TMS 25L32 
ACCESS TIME 
vs 
TEMPERATURE 


a 
= 
< 
a 
TEMPERATURE (°C) 
PRINTED IN USA. 
Tl cannot assume any responsibility for any circuits shown 
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MOS TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


Organization ...8K X8 TMS 2564 
28-PIN CERAMIC 
e Single +5 V Power Supply DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


e Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 


Vpp 1 

e All Inputs/Outputs Fully TTL Compatible CS1 2 

e Static Operation (No Clocks, No Refresh) AT 3 

e@ Max Access/Min Cycle Time . . . 450 ns ~ . 

e 8-Bit Output for Use in Microprocessor- M4 6 
Based Systems 

A3 7 

e N-Channel Silicon-Gate Technology A2 8 

e 3-State Output Buffers Al 9 

e Guaranteed DC Noise Immunity with AO 10 

Standard TTL Loads Q1 11 

e No Pull-Up Resistors Required Q2 12 

Q3 13 

e Low Power Dissipation: Vsg 14 


Active .. . 400 mW Typical 


Standby Lae 50 mW Typical! * Connected internally, Vcc need be supplied 
to only one of these two pins. 


PIN NOMENCLATURE 


A(N) Address inputs 

CS(N) Chip Selects 

PD/PGM Power Down/Program 
Q(N) Input/Output 


Vcc +5 V Power Supply 


Vpp +25 V Power Supply 
Vss 0 V Ground 


description 


The TMS 2564 JL is a 65,536-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device 
is fabricated using N-channel silicon-gate technology for high-speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of external pull-up 
resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three-state 
for connecting multiple devices to a common bus. The TMS 2564 is offered in a dual-in-line ceramic package (JL suffix) 
rated for operation from O°C to 70°C. 


Since this EPROM operates from a single +5 V supply (in the read mode), it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming. Programming requires a single TTL level pulse per location. For 
programming outside of the system, existing EPROM programmers can be used. Locations may be programmed singly, 
in blocks, or at random. 


The TMS 2564 is compatible with other 5-volt ROMs and EPROMs, even those in a 24-pin package. 
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operation 


Don’t Care or Vip 


or Don’t Care 


(11 to 13, 
15 to 19) 


* Do not use the internal jumper of 26-28 to conduct PC board currents, 
read/output disable 


When the outputs of two or more TMS 2564’s are commoned on the same bus, the output of any particular device in 
the circuit can be read with no interference from the competing outputs of the other devices. To read the output of the 
TMS 2564, the low-level signal is applied to the PD/PGM and CS pins. All other devices in the circuit should have their 
outputs disabled by applying a high-level signal to one of these pins. Output data is accessed at pins Q1 to Q8. Data can 
be access in 450 ns = ta(A). | 


power down 


Active power dissipation can be cut by one of over 80% by applying a high TTL signal to the PD/PGM pin. In this mode 
all outputs are in a high-impedance state. 


erasure 


Before programming, the TMS 2564 is erased by exposing the chip through the transparent lid to high intensity ultra- 
violet (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity X exposure time) 
is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filterless UV lamp will erase | 
the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip during erasure. After 
erasure, all bits are in the high state. 


start programming 


After erasure (all bits in logic high state), logic ‘‘O’s’’ are programmed into the desired locations. A low can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) on 
pins Q1 to O8. Once addresses and data are stable, a 50 millisecond low TTL pulse should be applied to the PGM pin 
at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed in 
any order. More than one TMS 2564 can be programmed when the devices are connected in parallel. During program- 
ming both chip select signals should be held low unless program inhibit is desired. 
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inhibit programming 


When two or more TMS 2564's are connected in parallel, data can be programmed into all devices or only chosen devices. 


TMS 2564's not intended to be programmed should have a high level applied to PD/PGM or CS1 or CS2. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) 6. ee ee ee ee ee ee eee ene nes 0.3 to 6 V 
Supply voltage, Vppisee Note 1) «cc ccecnctdawewd Cue weau vO RYE YO RW aw Pew Ew eeu —0.3 to 28 V 
Allinputvoltages (see Note 1) 2 dass ccta eee bee bd BR ee ed eee ee hb eawe es d44 08 Se ewes —0.3to6V 
Output voltage (operating with respect to VSS) ww ee ee eee ene —0.3to6V 
Operating free-air temperature range... ke ee eee te ee ee ee ee ee nena 0°C to 70°C 
Storage TEMPerature FANGS foe eG Sw Ewe a DORA Ee OW RESCH ES ETE OO SE OS CORE ES —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vss (substrate). 


* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolt 


EPROM 8192x8 


All 


A1l2 12 


PD/PGM 
- 


cs1 = 
CS2 ~ 


[PWR DWN] 


(11) 
(12) 
(13) 
(15) 
(16) 
(17) 
(18) 


(19) 
Qs 


TThis symbol is in accordance with [EEE Std 91/ANS1! Y32.14 and current discussions in IEEE and IEC. See explanation on page 183, 


g 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


121 


122 


TMS 2564 JL 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


a 
recommended operating conditions | 


TTT mira 
Copan 
: 

ced 


Low-level input voltage, Vii =O.4't 0.65 
Read cycle time, t¢(rd) | 4500, sid 
Operating free-air temperature, TA 0 70 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted into or removed from the board when Vpp or V¢c¢ is applied so that the device is not damaged. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. During 
programming, Vpp must be maintained at 25 V (+ 1V). 
tt The algebraic convention where the more negative limit is designated as minimum is used in this data sheet for logic voltage levels and time 


intervals. 


electrical characteristics over full ranges of recommended operating conditions 


LA 


Vpp supply current gies 

ia PD/PGM = Vi. 30| mA 
(during program pulse) 
Vcc supply current mies 

PD/PGM = V 10 25 A 

(standby) a i: 
V supply current sia 

oe PD/PGM = Vj. 80 160] mA 
(active) 


tT Typical values are at TaA= 25°C and nominal voltages, 
* AC and DC tests are made at 10% and 90% points using a 50% pattern. 


capacitance over recommended supply voltage and operating free-air temperature range 


f = 1 MHz* 
PARAMETER TEST CONDITIONS TyPt MAX] UNIT 
Cy Output capacitance Vo =0V,7= 1 MHz 
T All typical values are k= 25°C and nominal voltage. 
* This parameter is tested on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see note 4) 


TEST CONDITIONS 
PARAMETER MIN TyYpt 4 


ta(A) Access time from address 280 450 


: Access time from CS1 and CS2 
a(S) (whichever occurs last) 


i C._ = 100 pF, 
ta(PR) Access time from PD/PGM 1 Series 74 TTL load, 
tpyx Output not valid from address change tr<20 ns, 
i tf<20 ns 


F Output disable time from chip deselect 
PX during read only (whichever occurs last) 
tpxz Output disable time from PD/PGM during standby 


TA typical values are at Tp, = 25°C and nominal voltages. 


recommended timing requirements for programming T A = 25°C (see note 4) 


SS 
PPR) Rise time, progampulseSSC~SCSSCSC“‘“CS*C“‘“SNSC(#d’S“O“N’SCNSC#C#*“‘#SSC#*’ 
te(PR) Fall time, program pulse | 6 
Fsuiay — Addressseup time OSOCOSOSOOOCOCSCSCS*dSC 
fisulo) Dataseuptime TT SOSOSCSOCOCOCCCSC“‘#$NSNNSLS 2 = 
[suiver) Setup timetrom Vee OSOCSCSC—C~SSC*d 
| 2 
pe ae eee 


thiA) Address hold time 2 


th(D) Data hold time | 2 


th(vPP) Vpp hold time 


7 Typical values are at nominal voltages. 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.65 V to 2.2 V and Vpp = 25 V + 1 V during 
programming, AC and DC timing measurements are made at 90% points using a 50% pattern, 
5. Common test conditions apply for tpx z except during programming. For ta(A), ta(S), and tpxz, PD/PGM = Vj_. 


SS a aI TT a a TT SIT EIA TI oT STE I II Ta I ET 
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a 


read cycle timing 


Vi VYV 
WAY, xX WKY 


| “ts tpvx a 


ViH | 
C51 & CS2 | | 1 | 
| = 


V 
= le—tais)—ol jo— *PXZ 
| 
| 
| 


PD/PGM 
|~~—— ta(A) 
VOH 
Q1-08 ee 1 )-Z | VALID 


standby mode 
| 


ViH 
ADDRESSES ADDRESS N ADDRESS N+m 
ViL 


PD/PGM ViH | 
STANDBY | ACTIVE 
Vit | 


VOH 
Q1-08 VALID HI-Z VALID 


VOL 


NoTE: Tt ta(PR) referenced to PD/PGM or the address, whichever occurs last. 
CS1 and CS2 in Don’t Care State in Standby Mode. 
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program cycle timing 


j~——_—__—— procram a eae 
VERIFY 


G31 & CS2 ]}-—$ssuta —a | 


i | | 
— >| tsu(Vpp) -~— ly 
| | tid) Le 


eu 


Vin | 
| N+m 
Vib ; 
| p—— thiA) ——+| . 

VOH/VIH , a 

<i Ca 
Q1— a8 

1 | DATA IN ( oaam ia 2 Ca 

Vov/VIL | 

tsu(D) >| ir | 
ViH | | 
I | I 
| 


Vio 


PD/PGM 


VIL 


+25V 
Vpp 


* Equivalent to read mode, 


SRS EL ART LGN PM GAT NE SB BS ES UC IE ETT IT ENT BT TIT PETE 
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typical device characteristics (read mode) 


TMS 2564 
Icc CURRENT 
vs 
TEMPERATURE 
140 
120 
100 
< 80 
£ 
8 60 
40 lcc1-STANDBY CURREN 
PD/PGM = Viy 
20 Vec = 5V 
0 es eee Ee: ees meee ee ee 
0 10 20 30 4 50 60 70 
TEMPERATURE (°C) 
TMS 2564 
ACCESS TIME 
vs 
TEMPERATURE 
2 
q 
oe 
TEMPERATURE (°C) 
PRINTED IN U.S.A. 
T! cannot assume any responsibility for any circuits shown 
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Mos TMS 2758 JL 
LSI 8,192-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


e 1K X 8 Organization TMS 2758 
: 24-PIN CERAMIC 


e Single +5-V Power Supply DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
e Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 


VCC 
e Pin-Compatible With 12758 A8 
e All Inputs/Outputs Fully TTL Compatible AQ 
e Static Operation (No Clocks, No Refresh) = 
@ Max Access/Min Cycle Time... 450 ns AR* 
e 8-Bit Output for Use in Microprocessor- PD/PGM 
Based Systems ag 
® N-Channel Silicon-Gate Technology Q7 
e 3-State Output Buffers 06 
@ Low Power Dissipation oy 


— Active... 285 mW Typical 
— Standby ...50 mW Typical 


e Guaranteed dc Noise Immunity with 
Standard TTL Loads PIN NOMENCLATURE 


* AR tied to Vi, if TMS 2758-JLO 
Vin if TMS 2758-JL1 


@ No Pull-Up Resistors Required AO thru A7 Address inputs 
AR Array Select 
PD/PGM Power Down/Program 
Q1 thru O8 Input/Output 
CS Chip Select 


Vcc Operating Power Supply 


Vpp Programming Power Supply 
Vss 0 V Ground 


description 


The TMS 2758 is an 8,192-bit, ultraviolet-light-erasable, electrically programmable read-only memory. This device is 
fabricated using N-channel silicon-gate technology for high speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by series 74 TTL circuits without the use of external pull-up 
resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three- 
state for wired-OR connection of multiple devices on a common bus. The TMS 2758 is pin-compatible with the 
TMS 2516 16K EPROM. 


Since this EPROM operates from a single +5-V supply in the read mode, it is ideal for use in microprocessor systems. 
One other supply (+25 V) is needed for programming, but all programming signals are TTL levels and require a single 
50-millisecond pulse. For programming outside of the system, existing EPROM programmers can be used. Locations 
may be programmed sequentially, in blocks, or at random. Total required programming time for all bits for the 
TMS 2758 is 50 seconds. 


The TMS 2758 is offered in dual-in-line cerpak (JL suffix) package rated for operation from 0 C to 70°C. 


Complete information may be obtained from your local T| Sales Office or authorized distributor listed near the front of this data book. 
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Mos TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 


LSI 1024-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORIES 


DECEMBER 1979 


e 1024 X 8 Organization 


e All Inputs and Outputs Fully TTL Compatible 24-PIN CERPAK 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) | 


e Static Operation (No Clocks, No Refresh) 


e Performance Ranges 


Max Access Min Cycle A7 1 Vcc 
TMS 2708-35 350 ns 350 ns AGB 2 AB 
TMS 2708 450 ns 450 ns 
TMS 27L08 450 ns 450 ns a : ou 
A4 4 VBB 
e 3-State Outputs for OR-Ties A3. 5 CS(PE) 
e N-Channel Silicon-Gate Technology A2 6 Vpp 
e 8-Bit Output for Use in Microprocessor- Al 7 Program 
Based Systems AO 8 a8 
e Low Power on TMS 27L08. . . 245 mW (Typ) Q1 9 Q7 
Q2 10 Q6 
@ 10% Power Supply Tolerance (TMS 27L08 
Q3 11 Q5 
Only) 
Vss 12 Q4 


e Plug-Compatible Pin-Outs Allowing Inter- 
changeability/Upgrade to 16K With Minimum 
Board Change 


description 


The TMS 2708, TMS 2708-35, and TMS 27L08 JL are ultra-violet light-erasable, electrically programmable read only 
memories. They have 8,192 bits organized as 1024 words of 8-bit length. The devices are fabricated using N-channel 
silicon-gate technology for high speed and simple interface with MOS and bipolar circuits. All inputs (including program 
data inputs) can be driven by Series 74 TTL circuits without the use of external pull-up resistors. Each output can drive 
one Series 74 or 74LS TTL circuit without external resistors. The TMS 27L08 guarantees 200 mV dc noise immunity in 
the high state and 250 mV in the low state. The data outputs for the TMS 2708, TMS 2708-35 and TMS 27L08 are 
three-state for OR-tying multiple devices on a common bus. 


These EPROMs are designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. They are supplied in a 24-pin dual-in-line ceramic cerdip (JL suffix) package designed for insertion in 
mounting-hole rows on 600-mil (15.2 mm) centers. They are designed for operation from 0°C to 70°C. 


operation (read mode) 
address (A0-A9) 


The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to select 
one of the 1024 words of 8-bit length in the memory array. AO is the least-significant bit and AQ is the most-significant 


bit of the word address. 
chip select, program enable [CS (PE)] 


When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 
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data out (01-08) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs 
will drive TTL circuits without external components. 


program 

The program pin must be held below Vcc in the read mode. 
operation (program mode) 

erase 


Before programming, the TMS 2708, TMS 2708-35, or TMS 27L08 is erased by exposing the chip through the transparent 
lid to high-intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV 
intensity X exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centi- 
meter, filterless UV lamp will erase the device in a mimimum of 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the ‘1"' state. 


programming 


Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be changed 
from the erased high state to the low state. A low can be changed to a high only by erasure. Programming is normally 
accomplished on a PROM or EPROM Programmer, an example of which is Tl’s Universal PROM Programming Module 
in conjunction with the 990 prototyping system. Programming must be done at room temperature (25°C) only. 


to start programming (see program cycle timing diagram) 


First bring the CS (PE) pin to +12 V to disable the outputs and convert them to inputs. This pin is held high for the 
duration of the programming sequence. The first word to be programmed is addressed (it is customary to begin with the 
“0 address) and the data to be stored is placed on the 01-08 program inputs. Then a +25 V program pulse is applied 
to the program pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at least one microsecond 
the word address is sequentially changed to the next location, the new data is set up and the program pulse is applied. 


Programming continues in this manner until all words have been programmed. This constitutes one of N program loops. 
The entire sequence is then repeated N times with N x tw(PR) 2 100 ms. Thus, if tw(PR) = 1 ms; then N = 100, the 
minimum number of program loops required to program the EPROM. 


to stop programming 


After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [CS (PE)] 
is brought to Vj, which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and change of address could 
cause a voltage conflict on the output buffer. O1-Q8 outputs are invalid up to 10 microseconds after the program en- 
able pin is brought from V{H(PE) to VIL. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1)... cece cence eee neeeeevennnnes —0.3 to 15 V 
Supply voltage, Vpp (see Note 1) ..... ee ee ee ee ee ee eee —0.3 to 20 V 
Supply voltage, VSS (see Note 1) 0... eee eee eee eee eeeeeeeeeennees —0.3 to 15V 
All input voltage (except program) (see Note 1)... os... cece e ccc ee eeeeeees —0.3 to 20 V 
Program Input (see Note 1) ...... cece cece cence eee eeeeneeeeeunnnnes —0.3 to 35V 
Output voltage (operating, with respect to VSS) ........ cece eee cece cece ceuuues —2to7V 
Operating free-air temperature range 6... cece eee eee eeeeaeuuenaees 0°C to 70°C 
Storage temperature range ........ eee eee ee eneeeneeeenaas —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vp (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


logic symbolT 


EPROM 1024x8 


cs SS 


TThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEEE and IEC. See explanation on page 183. 
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recommended operating conditions 


TMS 27108 
PARAMETER TMS 2708-35, TMS 2708 
Supply voltage, Veg —4.75 —5.25 4500-5 5.5] V | 


Pei tagn Neg ee 
-Suppiwekage, Ve a es ae 
[SupplyvoltageVss—SC—~—sCSSCSC‘i TSC OTTTC~dTSCCOTC~d CY 
High-level input voltage, V 

[High-level program enable inputvoltage, Vinpe) «| 114 —i2~=—i2e | «toe 12 ~—is2] Vv 
SL a a A a ORS 
[Low-levelinput voltage, Vit (exceptprogram) =| ~VsS~——CSCSC~i« SCS gS CTC 
Low-level program input voltage, ViL(PR) 

oe * VILIPR) retietta |a) Ua eae | ce fe 


Low-level program pusle input current (source, hp SAEaENCEL As KUERTEN 3K 
Operating free-air temperature, Ta OT a 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise 
noted) 


ee 2708-35, TMS 2708 TMS 27L08 ax 
PARAMETER TEST CONDITION 
a ailiistecliiai = 


HoH==100wA 


VOH High-level output voltage 


LL 
VOL Low-level output voltage oe = 1.6mA ee ae 
|___ Input current festape) |v = Ov t525V eee SE BCR DWE 
lo Output current (leakage) | CS(PE) = pt 10 A 


IBB Supply current from Veg 
Icc Supply current from Vcc 


a inputs high 
CS(PE) =5V 


Pp(Av) Power Dissipation 


TAIl typical values are at Ta = 25°C and nominal voltages. 


herria over recommended supply voltage range and operating free-air temperature range, 
= z 


PARAMETER TYPt MAX 


Output capacitance 


tAll typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over recommended supply voltage range and operating free-air 


temperature range 
TMS 2708 
TMS 2708-35 
TMS 27L08 | UNIT 


TEST CONDITIONS 


PARAMETER 


ta(ad) Access time from address 


ta(Cs) Access time from CS 
tpyx Output invalid from address change 
tpxz Output disable time 


te(rd) Read Cycle time 


Cy = 100 pF 
1 Series 74 TTL load 
t#(CS), tf(ad) = 20 ns 


PARAMETER 


tw(PR) Pulse width, program pulse 

tT Transition times (except program pulse) | 20] ns 
CeripR)Transitiontimes, program pulae 802000 | 
Tisulad)_Adresssetuptime SO 
Feulda)__Datasetuptime Os 
eulPE)___Programenabiesotuptime 
ihiad) Addressholdtime 000s 
Cihieddan) _Addressnolatimeaferproeraminputdatastopped SSC 
Cihida)_———Dataotdtime 00 
Cin(PE) Prorat enabe Rota me 80 

tCL,adX Delay time, CS(PE) low to address change Oe i 


SSE FSS I DE SIE I SS AS TE LI a I Poe | 
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read cycle timing 


i 


ADDRESSES *“ Mt 


VIL 


ViH 
CS(PE) 


program cycle timing 


1 OF N* PROGRAM LOOPS ——————__________ >| 


ViH(PE) 
CS (PE)* 


tsu(PE) th(PE) meal 
t 
ml —~| k- CL, ad X 


ViH I 
ADDRESSES 
VIL 
tsu(ad) a 7) re Pe 'sulad) re | 
Le twiPR) —ol le— tw(PR) —m»J | | 
VIH(PR) | 
Program ' 
Pul | 
a VIL(PR) f 


| t th(ad,daR) 
tsu(da) >] J thida) =| fe, = hide *] - Le tsuida) thida) > oe aca 
ViH 
Qi — Q8 
INPUTS VIL 


*CS (PE) is at +12 V through N program loops where N = 100 ms/tw (PR). 


NOTE: 01-08 outputs are invalid up to 10 usec after programming [CS(PE) goes low]. 


All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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Pp — Power Dissipation — mW 


VoL — Static Output Voltage — VoH 
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TMS 2708 JL, TMS 2708-35 JL, TMS 27L08 JL 
TYPICAL TMS 27L08 CHARACTERISTICS 


DEVICE POWER DISSIPATION vs TEMPERATURE CURRENT vs TEMPERATURE 


c 

: 

5 
oO 
= 

a 

Q 

3 
” 

Ta — Free-Air Temperature — “¢ Ta — Free-Air Temperature — “c 
STATIC OUTPUT VOLTAGE vs OUTPUT CURRENT ACCESS TIME vs TEMPERATURE 

c 

| 

r) 

E 

- 

3 

9 

< 


Ta — Free-Air Temperature — °C 
lIo_ — Output Current — mA 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


135 


—) 


“ oa a , i ar 
are 7 roy ~ 
it secre 
; oe wad 


Ma 

oh: 
ead 

Py uA 
i his 


Eee ss 


a 
= 
< . 


ne. Per. ; 


csp tie 
bie Pe 


+t ur 4 - i i J E Fi 
| ( [aes 2 ha : a Pa az ‘ i f ig =i ak ae - + Le i & 4 ba , £ 7 ; . : 
4 a ics ets,” ar i ere ; ) LU iat 0a: piety hat | ae, ne Mid 
. ¥ we = r | Py 7 Baa) i are ; . aN 
Fale Sean cal ba PAK al be Ae 
' es tity i at, ares 
as 1 is gs ae da baaae ie 4 7 FL 
Oe aurea i a F 


d 
— . 


MOS TMS 2716 JL 
LSI 2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 


DECEMBER 1979 


2048 X 8 Organization 24-PIN CERPAK 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


e All Inputs and Outputs Fully TTL Compatible 
e Static Operation (No Clocks, No Refresh) 


A7 1 Vcc (PE) 
e Maximum Access Time... 450 ns AG 2 AB 
@ Minimum Cycle Time . . . 450 ns AB: 38 ne 
A4 4 VBB 
e 3-State Outputs for OR-Ties A3. 5 A10 
e N-Channel Silicon-Gate Technology pe 2 VDD 
Al 7 CS(program) 
e 8-Bit Output for Use in Microprocessor- AO 8 as 
Based Systems Q1 9 Q7 
. Q2 10 a6 
e Low Power...315 mW (Typical) ee me 
Vss 12 Q4 


description 


The TMS 2716JL is an ultra-violet light-erasable, electrically programmable read only memory. It has 16,384 bits 
organized as 2048 words of 8-bit length. The device is fabricated using N-channel silicon-gate technology for high speed 

and simple interface with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 
circuits without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit with- 
out external resistors. The TMS 2716 guarantees 250 mV dc noise immunity in the low state. Data outputs are three- 
state for OR-tying multiple devices on a common bus. The TMS 2716 is plug-in compatible with the TMS 2708 and the 
TMS 27L08. Pin compatible mask programmed ROMs are available for large volume requirements. 


This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole 
rows on 600-mil (15.2 mm) centers. It is designed for operation from O°C to 70°C. 


operation (read mode) 
address (A0-A 10) 


The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 
select one of 2048 words of 8-bit length in the memory array. AO is the least-significant bit and A10 most-significant 
bit of the word address. 


chip select, program [CS (Program) ] 


When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the chip 
select is high, all eight outputs are in a high-impedance state. 


program 


In the program mode, the chip select feature does not function as pin 18 inputs only the program pulse. The program 
mode is selected by the Vcc(PE) pin. Either 0 V or +12 V on this pin will cause the TMS 2716 to assume program 
cycle. 


data out (01-08) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out- 
puts will drive TTL circuits without external components. 


TEXAS INSTRUMENTS 137 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TMS 2716 JL 
2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 
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operation (program mode) 


erase 

Before programming, the TMS 2716 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
(= UV intensity x exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 
milliwatt per square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The 
lamp should be located about 2.5 centimeters above the chip during erasure. After erasure, all bits are in 
the “1” state. 


programming 

Programming consists of successively depositing a small amount of charge to a selected memory cell 
that is to be changed from the erased high state to the low state. A low can be changed to a high only by 
erasure. Programming is normally accomplished on a PROM or EPROM Programmer, an example of 
which is Tl’s Universal PROM Programming Module in conjunction with the 990 prototyping system. 
Programming must be done at room temperature (25°C) only. 


to start programming (see program cycle timing diagram) 

First bring the VCC(PE) pin to + 12 V or 0 V to disable the outputs and convert them to inputs. This pin is 
held high for the duration of the programming sequence. The first word to be programmed is addressed 
(it is customary to begin with the “0” address) and the data to be stored is placed on the Q1-Q8 program 
inputs. Then a +26V program pulse is applied to the program pin. After 0.1 to 1.0 milliseconds the 
program pin is brought back to 0 V. After at least one microsecond the word address is sequentially 
changed to the next location, the new data is set up and the program pulse is applied. 


Programming continues in this manner until all words have been programmed. This constitutes one of N 
program loops. The entire sequence is then repeated N times with N x tw(PR) = 100 ms. Thus, if tw(PR) = 
1 ms; then N = 100, the minimum number of program loops required to program the EPROM. 


to stop programming 

After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable 
Vcc(PE) is brought back to +5 volts which takes the device out of the program mode. The data supplied 
by the programmer must be removed before the address is changed since the program inputs are now 
data outputs and a change of address could cause a voltage conflict on the output buffer. Q1-Q8 outputs 
are invalid up to 10 microseconds after the program enable pin is brought from VIH(PE) to VIL(PE). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, Vcc (see Note 1) 2.0... ccc cece cece ence nee eueneennvenues —0.3to 15V 
Supply voltage, Vpp (see Note 1) 6... ccc ccc cee cece ee eeeeeeneseepenennes —0.3 to 20 V 
Supply voltage, VSS (see Note 1) 2.0... ccc ccc cc eee cee ee eeencnnnnnnnnnnens —0.3 to 15V 
All input voltage (except program) (see Note 1) ........... cece ccc c eee eee eee eeeeues —0.3 to 20 V 
Program Input (see Note 1)... 6... ccc cece cece cece eceeenneeeeeuneueeenneunes —0.3 to 35 V 
Output voltage (operating, with respect to VSS) ........ cc eee c cece ae eevueeneueeey —2to7V 
Operating free-air temperature range ......... 0.0 cee ccc eee eee eeeeeeeeeennneeeees Cte 70°C 
Storage temperature range ........ cece cece cence eeeteeeneeeevunbeeney —55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgp (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is 
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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functional block diagram* ao 


* This symbol is in accordance with IEEE Std 91/ANSI 
Y32.14 and current discussions in IEEE and IEC. See 
explanation on page 183. 


recommended operating conditions 


po PARAMETER IN NOM_ MAX [UNIT 
[Suppiyvoltage Ves SCSC“~S“‘“~*S*~“~*s*~“‘“‘“~*~*~*~*~ SCN 
[SuppyvotageVss_ OS SCSCSC~—“‘SCSC“‘—S*S=*“—s~“SsSs*s‘“‘“—s~s~*SSC“‘ Cd 
6 


Low-level porgram input voltage, VjL(PR) Vs ; 
Note: Vi_L(pR) Max = ViH(PR) —25 V S 


High-level program pulse input current (sink), jH(PR) 


PARAMETER 


IOH = —100 pA 3.7 


VOH High-level output voltage ToH=—1mA 


VoL Low-level ouput vonage Tio =16ma 
I Input current (leakage) Vj) = 0V to 5.25V 
CS 1 


lo Output current (leakage) CS (Program) = 5V 


Supply current from VgB All inputs high 
Supply current from Vcc CS (Program) = 5V 

Ta = 0°C 
Supply current from Vpp For Ipp MAX, (worst case) 


Supply current from PE on Vcc Pin 


PD(AV) Power Dissipation = 
CS=+5V 


tAll typical values are at Ta = 25°C and nominal voltages. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1MHz 


PARAMETER TYPt MAX |UNIT| 
Cj Input capacitance [except CS (Program)] | 46 | pF 
Ci(cs) CS (Program) input capacitance | 20 30] pF | 
Co Output cpacitance | 8 12 | pF 


tAll typical values are at Ta = 25°C and nominal voltages. : 


switching characteristics over recommended supply voltage range and operating free-air 


temperature range 
MIN MAX | UNIT 
| 450] ns | 


PARAMETER TEST CONDITIONS 
ta(ad) Access time from address Ci = 100 pF 


ta(Cs) mee 1 Series 74 TTL Load 
tpvx Output invalid from address change t(CS)- trad) = 20 ns 
, a _ 


tpXZ Output disable time 
=) diaitc are 


TA = 25°C program characteristics over recommended supply voltage range 


tw(PR) Pulse width, program pulse | | 01 1] ms | 
[tr Transition times (except program pulse) 2 
ripR) Transition times, programpulse 82000 
Teutad)____Adaresssetuptime SSS Oi a 
[sulda)__Datasetuptime 80s 
[TeutPe)Proaram enable setup me 0 
[iad) Rares orem 0 Ps 
[thiad.da A) Addresshotdtmeatierprograminputdatestopped SSCS 
[thida) —DataRotime 0s 
[tiPe) —_—Programenablepolatime 80 
tCL,adX Delay time, CS (Program) low to address change | Ons 


a ee 
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read cycle timing 


ADDRESSES 


CS (Program) 


2 
— a(ad) 
b+ ta(ad) tpyx | a. 


program cycle timing 


1 OF N* PROGRAM Looes ——__________» 


ViH(PE) 
VectPe) 
tsu (PE) 


th(PE) = 
ae Ak tCL, ad X 
ViH 


ADDRESSES . 
Vv 
7 *su(ad) me) oe s be tsu(ad) = TT F [= 'sutad) | 
" tw(PR) L- twiPR) —ol { b~e— tw(PR) —m | | 
= ViH(PR) 
CS (Program) | . 
| 
ViL(PR) f 


tsu(da) >| | *hida) a 7 bia tthida) >| a Lactecidsi tnidal=} A th(ad,daR) 
ViH 


Q1 — 08 a | } 
PROGRAM OUTPUT INPUT INPUT INPUT OUTPUT 
INPUTS ViL 


“ 


*Vec (PE) is at 0 V or +12 V through N program loops where N 2 100 ms/tw (PR). 


NOTE. Q1-Q8 outputs are invalid up to 10 usec after programing (Vec (PE) goes low). 


ae a EST I I EE IE EIS ET ELE 
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APPLICATIONS INFORMATION 
Ease of Conversion From TMS 2708 To TMS 2716 
A. The TMS 2716 and TMS 2708 have compatible timing, voltage and current parameters in both modes. 
B. The TMS 2716 requires less power than the TMS 2708. 


C. The pinouts are compatible. (See below.) 


TMS 2708 TMS 2716 
924 Vcc" A? 1 Vec(PE)" 
23 A8 AB 2 A8 
=) 22 Ag A5 3 AQ 
VBB A4 4 VeB 
CS(PE)* A3 5 A10* 
VDD — A2 6 Vpp 
Program * Al 7 CS(program)* 
ag AO 8 as 
Q7 Qi 9g Q7 
a6 Q2 10 Q6 
Q5 Q3 11 Q5 
a4 Vss 12 04 


Ascan be seen from the above diagrams, only three pins* are modified in going from TMS 2708 to TMS 2716: 


1. The additional address pin requrired for the 16K EPROM is located on pin 20 which displaces the 
CS/PE functions on the TMS 2708. 


2. Since the VCC is not required during programming, the PE function shares pin 24 with Vcc on the 
TMS 2716. 


3. The CS function and program function are mutually exclusive during normal read mode (and are 
self-actuated complementary during the program/verify mode) and share pin 18 on the TMS 2716. 


The diagrams below show how these three pins are actually utilized in the read mode and in the program 
mode. Only pins 18, 20, and 24 need to be shown, as all other pin connections are identical. 


SS a I I EE SETI 
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Read Mode swesson euearie 
1 24 Vcc * 1 
[120 CS" 
[318 NA* (GND) 
Program (Write) Mode 


TMS 2708 TMS 2716 


24 Vcc* 1 


TMS 2716 — Easy Programmability On Existing 2708 Programmers 


Existing EPROM Programmers — Upgrading To The TMS 2716 


Most of the EPROM manufacturers have implemented field upgrade modifications to allow TMS 2716 
programming on current EPROM programmers. This is greatly simplified because the TMS 2716 and the 
TMS 2708 are programmed in an identical manner. A slight modification to the socket card, an additonal 
1K x 8of RAM, and an extra address signal (A10) are all that is required. All timing and voltage parameters are 
identical, so the upgrade is easily accomplished. Programmer manufacturers contacted to date on the TMS 
2716 include: Data I/O, PRO LOG, Texas Instruments, Technico, CramerKit, Shepardson Micro Systems, 
Cromenco, MicroPro, Ramtek, Oliver Audio, Inc., etc. Ultraviolet Erasure lights and fixtures are available from 
Ultraviolet Products, Turner Designs, and others. 


NOTE: Information on EPROM programmers and erasurers are provided only for user convenience and do not indicate any preference by Ti. 
RS SS ST RL LDL LALLA 
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TMS 4732 NL, TMS 4764 NL 
32K AND 64K READ-ONLY MEMORIES 


DECEMBER 1979 


e TMS 4732 ...4096 X 8 Organization 

e TMS 4764 ...8192 X 8 Organization 

e All Inputs and Outputs TTL-Compatible 
e Fully Static (No Clocks, No Refresh) 

e Single 5-V Power Supply 

@ Maximum Access Time... 450 ns 

e Minimum Cycle Time... 450 ns 

e 3-State Outputs for OR-Ties 

e Pin-Compatible with TI’s EPROM Family 
e N-Channel Silicon-Gate Technology 

e 8-Bit Output Ideal for Microprocessor Based Systems 


TMS 4732 TMS 4764 
4K X 8 5V ROM 8K X 8 5V ROM 
24-PIN 24-PIN** 
DUAL-IN-LINE PACKAGE DUAL-IN-LINE PACKAGE 
A7 1 24 Vcc A7 1 24 Vcc 
A6 2 23 A8 A6 2 23 A8& 
A5 3 22 AQ A5 3 22 AQ 
Ad 4 21. CS2orCS2 A4 4 21. Al2 
AZ. 5 20. CS1orCs1 AZ 5 20 S* 
A2 6 19 A10 A2 6 19 A10 
Al 7 18 A11 Al 7 18 A111 
AO 8 17 Qs AO 8 17 Qs 
Q1 9 16 Q7 Q1 9 16 Q7 
Q2 10 15 Q6 Q2 10 15 Q6 
Q3. 11 14 Q5 Q3 11 14 Q5 
Vsg_ 12 13° Q4 Vss 12 13. Q4 

* Option: Either S or Non-Clocked 
Chip Enable/Power Down (E) 

** Also available in 28-pin Dual-in- 
line package. Both 24-pin and 
28-pin packages are compatible 
with Tl 64K EPROMs. 

description 


TI provides ROMs on a custom basis. Density options are 32K and 64K. Both devices are pin compatible with Tl 32K 
and 64K 5 V ROMs and EPROMs. Any additional specifications should be made at the time of the order. For further 
information, contact a nearby sales office or write Texas Instruments, P. O. Box 1443, M/S 6965, Houston, Texas 77001. 


SSS Re TZ PS SS DE Tl 


TEXAS INSTRUMENTS 147 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


i 2 >.* 

ee Pe Dene 

ry ee ore Cas 
a lt Nee.” oe 
PAO eS ALPS) De 


MEMORY SYSTEMS DATA SHEETS 
SYSTEMS 


— fe vd i « a 
at oe ~ 4 a — 


i. a 


ah ee ye 


Se 


pe 

‘ ‘ 
ee 0) 

S @ ree 
a ar 


i a ae eee 
* 
eras 
a a. 


ee 


Fos 


ee eL 
oa 


fete ; <s ee f 7 i hi 
7 ef ice, ee ee a a cS ie 
ey 
Ay : a 
we ee 


: ey, i a ae 


ie 


* me a ace ie 


BA or ie 


ab 
‘i An 


7 


Ana = Ae 


~ 


oe ae bd 
ep ee 


> — i i 
rioe pret 


Pas “3 eee 


Page ett 
sate 


va 


on 
: Ba 
ae 
5 ea 
ee ae 


ee 


o7 ian 
200 eget 
7 ( 


‘poe ae ae 
Re onde ee i 
i re veer) bere aL 
ee 
a 1 i Abe wy 
a 
iG fe i i ean aes 


ea 


Teh. ie 


an 


res 
ae = 


re 


= ae yap 


vi 
oo 


“se 
=i 


PB al le ce Wome ae ne 
ee Lape 
ue eee ie 


— 2 
ae 


A 

~ 
ca ype. € 
a 


oe a 
pk 


ere ae 
peso as 
xs 
oo 


a 
Pe 
—_ 


a 


ae 


fara 
aa oat. Bes ees 


a ee 


Woot idee tas 
“a 7 *, - = : 


a 
2 
_— Oa = 


o# se 
ir i : 
as = Liste a aa rhs 


: mis ,, 
ee Dyna : ee 


a 99 


ae ta 
(a5 
ny yh ib aee op 
- P| mt 
oe ens = 
ie Cees 
a 


a 


: ai as ian 


Ciace & 


eeica! 
' 


i: 
4 oe! a ae 
Fons oy 
ie a hie Pa a eytS i 
Me i fa! mee 
a 
Di ae 7 ae fe 
: odie hae 
ie ue Die Oe y “nea ae 


it Ad 


ee Pi ae ae | 


- 
rae. 


ey 
i 

i ia 

Pi ‘ ag, 


eee ~ 
= . - 


jan 


Pe ee 


geod 


(ie 
eas 


Ces 7 


a 


MEMORY TMM 10000 SERIES 
SYSTEMS ADD-IN MEMORY FOR LSI-11 COMPUTERS 


JANUARY 1980 


e High Density: 64K Words X 18 Bits (for LSI-11/23), 32K Words X 18 Bits (for LS!-11/2) 
e Completely Compatible with Q BUS and Q BUS PLUS Systems 

e Extended Addressing to 1 Megabyte (Optional) 

e Single 5-Volt Supply, Low Power Consumption 

e Parity Logic on Board 

e High Performance (with Parity Generation and Checking 


e Internal, Transparent Refresh 


description 


The TMM 10000 Series add-in memory module is offered in two versions, each of which is compatible with the LSI-11 
Q BUS and Q BUS PLUS system. The TMM 10103 module plugs directly into the DEC LSI-11/23 (PDP-11/23) com- 
puter; the TMM 10101 module plugs directly into the DEC LSI-1 1/2 (PDP-11/03) computer. All interface specifications 
are totally compatible. The modules use the TMS 4532 five-volt 32K dynamic RAM for high performance and low 
power. Both feature on-board parity logic. 


NOTE: Q BUS, OQ BUS PLUS, and DEC are trademarks of the Digital Equipment Corporation. 


Copyright © 1980 by Texas Instruments Incorporated 


ADVANCE INFORMATION TEXAS INSTRUMENTS 151 


This document Sonne anfounmion on INCORPORATED 
a new product. Specifications are subject 


Hichangewithout notice: POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


TMM 10000 SERIES 
ADD-IN MEMORY FOR LSI-11 COMPUTERS 


a 
specifications 


Memory Capacity: 


MODEL NO. WORDS BITS/WORD 
TMM-10103-18P 65,536 16 + 2 parity bits 
TMM-10101-18P 32,368 16 + 2 parity bits 

Timing: 
Read Access 200 ns 
Write Access 150 ns 
Read/Write Cycle 450 ns 
Power: 


+5 V, 10.5 W Active 
7.9 W Standby 
5.25 W Battery back-up 
Physical: 
Single width, double height 
(5.2" X 8.9") 
Environmental, Operating: 


5°C to 60 C 
10% to 95% relative humidity, non-condensing 


features 
1/0 Page Size 512, 2048, 3072, or 4096 words 
Starting Address Any 4K word boundary 
Total Address Space* 128K words 
Parity Generated on board 
Memory Refresh Internal or external 
Battery Back-Up Enable with +5 V to pin AV1 


*20 Address Lines are available for user expansion of system memory to 512K words, 


PRINTED IN U.S.A. 
Tl cannot assume any responsibility for any circuits shown 
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MEMORY TMM 20000 SERIES 
SYSTEMS ADD-IN MEMORY FOR PDP COMPUTERS 


JANUARY 1980 


e High Density ...256K, 128K, or 96K (16 Bit) Words, Plus 6 Bits for Error Detection and Correction 
e Completely Compatible with PDP-11 UNIBUS (Modified or Extended) Systems 

e Single-Bit Error Correction, Double-Bit Error Detection with Visual Display 

e Twenty-two Address Lines Allow for Future Expansion to 2M Words 

@ Single +5-Volt Supply, Low Power Consumption 


e Error Logging Capability Via User Program 


description 


The TMM 20000 Series add-in modules are fully compatible with the DEC PDP-11 family of UNIBUS computers. Em- 
ploying the TMS 4532 32K Dynamic RAM, these modules offer high density and operate from a single five-volt power 
supply with low power consumption. These modules offer high speed, increased reliability, and error detection and cor- 
rection, and are designed to allow direct upgrade to the TMS 4164 64K Dynamic RAM. Battery back-up is jumper 
selectable. 


error detection and correction (EDAC) 


On-board circuitry performs single-bit error correction and double-bit error detection. Control (CSR) and error (ESR) 
status registers, with single- and double-bit error display are standard. All error detection and correction operations are 
transparent to the operating system. 


NOTE: UNIBUS and DEC are trademarks of the Digital Equipment Corporation. 
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TMM 20000 SERIES 
ADD-IN MEMORY FOR PDP COMPUTERS 


a 


specifications 


Memory Capacity: 


MODEL NO. WORDS BITS/WORD 
TMM-20106-22E 262,144 a2 
TMM-20105-22E 121,072 22 
TMM-20104-22E 98 304 22 
Timing: 

Read access 425 ns 

Write access 200 ns 

Read/write cycle 550 ns 
Power: 


+5 V, 20 W active; 12 W standby/backup 


Physical: 


Single width, hex height 


Environmental, Operating: 


OC - 50°C; 10% - 95% Relative Humidity (Noncondensing) 


programmable features 


Modified or extended UNIBUS: switch select 
|/O page size: 2K, 4K, or 8K words (switch select) 
Starting address (switch select): any 16K word boundary 


Total address space (switch select): modified UNIBUS - 128K words (256K bytes) 
extended UNIBUS- 2048K words (4M bytes) 


Control status register (CSR) address location (switch select): 1 of 16 
Error status register (ESR): on or off 


Battery backup: enable or disable (jumper) 


re 


PRINTED IN U.S.A. 
Tl cannot assume any responsibility for any circuits shown 
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MECHANICAL DATA 


general 


Electrical characteristics presented in this catalog, unless otherwise noted, apply to device type(s) listed in the page 


heading, regardless of package. Factory orders for devices described should include the complete part-type numbers 
listed on each page. 


MOS NUMBERING SYSTEM 


EXAMPLE: IMS 40144 —20 Nt 


TI MOS Prefix Speed Range Temperature Range 


Max Access J Cerpak L O°Cto 70°C 
—15 150ns JD Side Braze 
—20 200ns N Plastic Dip 
—25 250ns 
—30 300ns 
—35 350ns 
45 450ns 


manufacturing information 
Die-attach is by standard gold silicon eutectic or by conductive polymer. 


Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 grams. Bond 
strength is monitored on a lot-to-lot basis. Any preseal bond strength of less than 2 grams causes rejection of the entire 
lot of devices. On hermetic devices either thermal compression or ultrasonic wire bonding is used. All hermetic MOS LSI 
devices produced by TI are capable of withstanding 5 X 10—’ atm cc/sec inspection and may be screened to 5 X 10—° 
atm cc/sec fine leak, if desired by the customer, for special applications. 


All packages are capable of withstanding a shock of 3000 g. All packages are capable of passing a 20,000 g acceleration 
(centrifuge) test in the Y-axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand the applica- 
tion of a force of 6 pounds at 45° in the peel-off direction. 


dual-in-line packages 
A pin-to-pin spacing of 100 mils (2.54 mm) has been selected for standard dual-in-line packages. 


TI uses two basic types of hermetically sealed ceramic dual-in-line packages. The first type is the sidebrazed package 
cap and tin-plated leads. The second is the cerpak which is similar to the cerdip but has a clear or opaque lid above 
the bar. 


* Inclusion of an ‘‘L” in the product identification indicates the device operates at low power. 
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MECHANICAL DATA 


ED 


All measurements are given using both English and metric systems. Under the English system, the 
measurements are given in inches; under the metric system, the measurements are given in millimeters. 
The metric system measurements are indicated in parentheses next to the English. 


ceramic packages — side braze (JD suffix) 


ig 


© A+0.010 
(+0.025) 


INDEX 
MARK 
(DOT, TRIANGLE, 
OR NUMBER 


‘ 0.020 


(0.508) 
MIN “| 
SEATING 
85° 


85°, ie 
0.011+0. 003 —~||— PIN SPACING —+! LL al 


(0.279 + 0.076) 0.100 (2.54) NOM 0.018+0.003 
(0.457 + 0.076) 


A + 0.010 0.300 0.300 0.300 0.400 0.600 0.600 
{+ 0.025) (7.62) (7.62) (7.62) | (10.16) | (15.24) | (15.24) 
B(MAX) 0.840 0.910 1.020 1.100 1.290 1.415 
(21.34) | (23.11) | (25.91) | (27.94) | (32.77) | (35.94) 

C(NOM) 0.295 0.295 0.295 0.395 0.595 0,595 
(7.493) | (7.493) | (7.493) | (10.03) | (15.11) | (15.11) 


0.070 (1.778) MAX 


0.200 (5.08) MAX 


0.125 (3.175) MIN 
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ceramic packages — cerpak (J suffix) 


0.015 (0.381) MIN 0.220 (5.588) MAX 
SEATING PLANE 
7 0.125 (3.175) MIN 
0.011 + 0.003 ->1+— 0.018 + 0.003->| + 0.033 (0.838) NOM 
(0.279 + 0.076) (0.457 + 0.076) 0.070 (1.778) MAX 
PIN SPACING 


0.100 (2.54) NOM 


A (MAX) 0.625 0.625 
(15.88) | (15.88) 
B (MAX) 1.290 1.490 
(32.77) | (37.85) 
Cc (MAX) 0.600 0.600 
(15.24) | (15.24) 
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MECHANICAL DATA 


plastic packages (N suffix) 


BMAX 
N 


EITHER CMA 
OR BOTH | 
: « INDEX MARKS 


. 


0.020 (0.508) MI N71 


SEATING aa ae 


0.011 + 0.003->|-— 0.018 + 0.003 ->||- 
(0.279 + 0.076) (0.457 + 0.076) 


0.200 (5.08) MAX 
| | 0.125 (3.175) MIN 
' }-— 0.033 (0.838) NOM 

0.070 (1.778) MAX 


bo 


PIN SPACING 
0.100 (2.54) NOM 


0.325 0.325 0.425 | 0.625 0.625 
(8.255) | (8.255) | (10.80) | (15.88) | (15.88) 
0.920 1.070 1.120 | 1.270 1.440 
(23.37) | (27.18) | (28.45) | (32.26) | (36.58) 
0.270 0.270 0.355 | 0.550 0.550 
(6.858) | (6.858) | (9.017) | (13.97) | (13.97) 


0.325 
(8.255) 


0.270 
(6.858) 
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MANUFACTURING FLOW 
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MANUFACTURING FLOW 


Standard Hermetic Processing Flow* 


Slice Sawing 
y 
Chip Inspection 
1 
Chip Alloyed into Header 
1 
Ultrasonic or Thermocompression Bond 
1 
Preseal Inspection 
1 
Seal 
.) 
Temperature Cycle (10 cycles at —65°C to 150°C) 
1 
Centrifuge (20,000 G in Y1 direction) 

y 

Tin Plate 
1 

Fine Leak (5 X 10-8 atm cc/sec) 
1 
Gross Leak (C2 modified) 
y 
Lead Tie-bar Sheared 

1 

Testing 
1 

Q/A Inspection 

1 

Shipment 


* For cerdip, cerpak, and sidebraze ceramic packages. 
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MANUFACTURING FLOW 


Standard Plastic Processing Flow 


Slice Sawing 

1 

Chip Inspection 
1 

Chip Alloyed or Epoxied onto Leadframe 
y 
Thermocompression Bond 
1 
Premold Inspection 
1 
Mold 

1 

Tie-bar Sheared 
1 

Testing 

1 

Q/A Inspection 
1 

Shipment 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TI) 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBI 


TESTING/RELIABILITY 
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TESTING/RELIABILITY 


In order to ensure the highest in quality and performance, each and every MOS memory device manufactured by the TI 
MOS Memory Division is thoroughly tested before being shipped. Testing is done during assembly by process engineer- 
ing (indicated on the manufacturing flow in the previous section); After assembly by product engineering (final test); 
and after final test by quality and reliability assurance engineering. Every device is tested during the first two stages 
after which they are received by QRA for random screening for reliability. Outlines of the final test procedure and QRA 
screening process by family type are included in this section. 


DYNAMIC RAMs — FINAL TEST 


ASSEMBLY 


VERIFIES ELECTRICAL AND TIMING 
PARAMETERS AT WORST CASE LIMITS 

Veep = —9.5 V, = —4.5 V, Vpp = 13.2 V, = 10.8 V 
TEMPERATURE = 25°C 


PRE- 
BURN-IN 


SCREENING 


CONTINUOUSLY VERIFIES EVERY MEMORY LOCATION 
WITH ALTERNATING “1s AND “0"’s USING READ- 
MODIFY-WRITE CONDITIONS 
PHASE 1 
NOMINAL VOLTAGES FOR 24 HOURS 

BURN-IN PHASE 2 
CHANGE SOCKETS 
CONTINUE AT STRESS VOLTAGES FOR 8 HOURS, Vpp = 18 V, 
VeB=-7 V 
TEMPERATURE = 125°C 

2.6 wSEC CYCLE TIME, 50% DUTY CYCLE 


EXTENSIVE PARAMETRIC AND FUNCTIONALITY 


rs ef TESTING AT WORST CASE SUPPLY VOLTAGES 
; MPERATURE = 25°C 
SCREENING TEMPERATU 


GUARDBAND TESTING FOR 0°C OPERATION 


HIGH FINAL AND MOST EXTENSIVE PARAMETRIC AND 
TEMPERATURE FUNCTIONALITY TESTING 
SCREENING TEMPERATURE SCREEN TO GUARANTEE 70°C AMBIENT OPERATION 
AND SORT AT WORST CASE SUPPLY VOLTAGES 
SPEED SORT 


QUALITY AND RELIABILITY 
ASSURANCE 
GROUP 


QUALITY 
ACCEPTANCE 


ieee 
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TESTING/RELIABILITY 


DYNAMIC RAMs — QRA FLOW 


QUALIFICATION FOR DYNAMIC RAMS 


MINIMUM OF 3 LOTS 


SAMPLE 


ENVIRONMENT aie 


PACKAGE 


LIFE TEST 85°C 

(1000 HRS) 125°C 100 : 
THERMAL SHOCK 

TEMPERATURE CYCLE 25 H 
MOISTURE RESISTANCE 

TEMPERATURE CYCLE 25 H,P 


MECHANICAL SHOCK 
N 


VIBRATION (VAR. FREQ.) 25 H 
CONSTANT ACCELERATIO 
85°C/85% R.H. 60 P 


PRESSURE COOKER 
150°C STORAGE 


H = HERMETIC PACKAGE 

P. = PLASTIC PACKAGE 

ALL SELECTIONS ARE RANDOM 
LIFE TEST UNITS ELECTRICALLY 
TESTED; PACKAGE ENVIRONMENTS 
FOLLOWED BY ELECTRICAL AND 
HERMETICITY (H ONLY) TESTS 
(SEE MECHANICAL DATA SECTION) 


NEW PROCESS/PACKAGE? 


NO 
PROCESS/PACKAGE MONITOR 


50 UNITS CHOSEN WEEKLY 
LIFE TEST, 125°C, 48 HRS 
(H, P) 


200 UNITS CHOSEN MONTHLY 


LIFE TEST, 125°C, 1000 HRS 
(H, P) 


MINIMUM OF 100 UNITS 
CHOSEN MONTHLY FROM 
AS MANY DATE CODES AS 
POSSIBLE 


SAMPLE 


ENVIRONMENT SIZE 


THERMAL SHOCK 
TEMPERATURE CYCLE 
MOISTURE RESISTANCE 
EXTENDED TEMP. CYCLE 


MECHANICAL SHOCK 
VIBRATION (VAR. FREQ.) 
CONSTANT ACCELERATION 


TEMPERATURE CYCLE 
THERMAL SHOCK 
85°C/85% R.H. 
PRESSURE COOKER 
MOISTURE RESISTANCE 
150°C STORAGE 


PACKAGE 


SSS SS 
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STATIC RAMs — FINAL TEST 


ASSEMBLY ACTIVE VERIFIES 
POWER icc MAX 
TEST -AT Vcc MAX- 


LEAKAGE VERIFIES 
CURRENT 1) & 1Qz 


¥ IFIE 
TEST -AT Vcc MAX- ts ants oul 7 


POWER STANDBY BY Icc MAX 
TEST -AT Vcc MAX- 


VERIFIES 

EVERY MEMORY 
LOCATION CAN 

BE ADDRESSED 

BY ADDRESS DECODE 
& X - Y SELECT (ADSL) 
-AT Voc NOM WORST 
CASE INPUT LEVELS- 


VERIFIES PROPER 

DEVICE OPERATION 
(EXTENSIVE PATTERNS 

& DATA SHEET TIMING 
PARAMETERS 

-AT Vcc MAX & Vcc MIN 
WORST CASE AND BEST CASE 
INPUT LEVELS- 


GROSS 
FUNCTIONAL 


TEST FUNCTIONAL 


TEST 
SERIES 


VERIFIES THAT 

DATA IS RETAINED 

DURING STANDBY QUALITY QUALITY AND RELIABILITY 
-AT WORST CASE V¢c- ACCEPTANCE ASSURANCE GROUP 


STATIC 
HOLD 
TEST 


ALL TESTS ARE DONE AT HIGH 
TEMPERATURE (Ta = 70°C). 


STATIC RAMs — QRA FLOW 


NEW PROCESS/PACKAGE? 


YES NO 


QUALIFICATION PROCESS/PACKAGE MONITOR 
50 UNITS CHOSEN WEEKLY 
MINIMUM OF 3 LOTS (SOME FROM MONTHLY GROUP) MINIMUM OF 100 UNITS 


CHOSEN MONTHLY FROM 
AS MANY CODES AS POSSIBLE 
LIFE TEST, 125°C, 48 HRS 
SIZE 
SAMPLE 
LIFE TEST 85°C said dit ela SIZE 
(1000 HRS) 125°C 
LIFE TEST, 125°C 50 
TEMPERATURE CYCLE 
TEMPERATURE CYCLE 20 


85° C/85% R.H. 
PRESSURE COOKER 
150°C STORAGE 


THERMAL SHOCK 20 
85° C/85% R.H. 20 
PRESSURE COOKER 20 
MOISTURE RESISTANCE 20 


ALL PACKAGES ARE PLASTIC 
LIFE TEST UNITS ELECTRICALLY TESTED; PACKAGE ENVIRONMENTS FOLLOWED BY ELECTRICAL TESTS 
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EPROMs — FINAL TEST 


PARAMETRIC 
TEST 
SERIES 


FUNCTIONAL 
TEST 
SERIES 


PROGRAMMING 
TEST 


DATA 


RETENTION 


FINAL TEST 


ASSEMBLY 


VERIFY ERASEABILITY (ALL ONES); 


VERIFY LEAKAGE CURRENT — INPUT/OUTPUT, 
HIGH/LOW; POWER SUPPLY CURRENT — 
ACTIVE MODE AND POWER DOWN MODE 


PROGRAMMABILITY (WORST CASE): 


ADDRESS DECODERS 


TESTING/RELIABILITY 


VERIFIES ALL BITS ARE PROGRAMMABLE 


VERIFIES LONG LIFE CHARGE STORAGE — 
DEVICES ARE BAKED OVER LONG PERIOD 


TEST 


FUNCTIONAL 
SPEED 
TEST. 


ERASEABILITY 
TEST 


QUALITY 
ACCEPTANCE 


EPROMs — OQRA FLOW 


QUALIFICATION 
(EPROMS) 


MINIMUM OF 3 LOTS 


LIFE TEST 85°C 
{1000 HRS) 105°C 
125°C 


THERMAL SHOCK 
TEMPERATURE CYCLE 
MOISTURE RESISTANCE 
EXTENDED TEMPERATURE 
CYCLE 

MECHANICAL SHOCK 
VIBRATION VAR. FREQ. 
CONSTANT ACCELERATION 


ALL PACKAGES ARE HERMETIC 


TO INSURE SUCH 


INPUT LEVELS 


VERIFIES MAXIMUM SPEED AT WORST 
CASE SUPPLY LEVELS AND WORST CASE 


VERIFIES ALL BITS ARE ERASEABLE 


QAULITY AND RELIABILITY ASSURANCE GROUP 


NEW PROCESS/PACKAGE? 


YES NO 


PROCESS/PACKAGE MONITOR 


50 UNITS CHOSEN WEEKLY 
(SOME FROM MONTHLY GROUP) 


... IN ADDITION 

LIFE TEST UNITS 
ELECTRICALLY TESTED; 
PACKAGE ENVIRONMENTS 
FOLLOWED BY ELECTRICAL 
AND HERMETICITY TESTS. 


MINIMUM OF 100 UNITS 
CHOSEN MONTHLY FROM 


AS MANY DATA CODES AS 
POSSIBLE 


ENVIRONMENT SAMPLE 
SIZE 


LIFE TEST 
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125°C 
48 HRS, WEEKLY AND 50 
1000 HRS, ONCE A MONTH 100 
THERMAL SHOCK 
TEMPERATURE CYCLE 40 
MOISTURE RESISTANCE 
EXTENDED TEMP. CYCLE 
MECHANICAL SHOCK 
VIBRATION VAR. FREQ. 40 
CONSTANT ACCELERATION 


GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


PART | — GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address — Any given memory location to which data can be stored or retrieved. 

Automatic Chip-Select/Power Down — (see Chip Enable Input) 

Bit — Contraction of Blnary digiT, e.e., a 1 or O, in electrical terms a lack of or the presence of charge, voltage, or current. 
Byte — A word of 8 bits (see word) 


Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated circuit for 
input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit 
to be in a reduced-power standby mode. 


Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory. They may 
be of two kinds: 


1; Synchronous — Clocked/latched with the memory clock. Affects the inputs and outputs for the duration 
of that memory cycle. 
2: Asynchronous — Has direct asynchronous control of inputs and outputs. In the read mode, an asynchronous 


chip select functions like an output enable. 


Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. It can be active 
high (CAS) or active low (CAS). 


Data — Any information stored or retrieved from a memory device. 


Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive application of con- 
trol signals in order to retain the stored data. 


NOTES: ie The words “read/write’’ may be omitted from the term when no misunderstanding will result. 
Z Such repetitive application of the control signals is normally called a refresh operation. 
3. A dynamic memory may use static addressing or sensing circuits. 
4 This definition applies whether the control signals are generated inside or outside the integrated 
circuit. 


Electrically Alterable Read-Only Memory (EAROM) — A nonvolatile memory that can be field-programmed like a PROM or 
EPROM, but that can be electrically erased by a combination of electrical signals at its inputs. 


Erasable and Programmable Read-Only Memory (EPROM)/Reprogrammable Read-Only Memory — A field-programmable 
read-only memory that can have the data content of each memory cell altered more than once. 


Erase — Typically associated with EPROMs and EAROMs. The procedure whereby programmed data is removed and the device 
returns to its unprogrammed state. 


Field-Programmable Read-Only Memory — A read-only memory that after being manufactured, can have the data content of 
each memory cell altered. 


Fixed Memory — A common term for ROMs, EPROMs, EAROMs, etc., containing data that is not normally changed. A more 
precise term for EPROMs and EAROMs is nonvolatile since their data may be easily changed. 


Fully Static RAM — \n a fully static RAM, the periphery as well as the memory array is fully static. The periphery is thus 
always active and ready to respond to input changes without the need for clocks. There is no precharge required for 
static periphery. 


K — When used in the context of specifying a given number of bits of information, 1K = 2'° = 1024 bits. Thus, 64K = 
64 X 1024 = 65,536 bits. 


Large-Scale-Integration (LSI) — The description of any IC technology which enables condensing more than 100 equivalent 
gates onto a single chip. 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined during 
manufacture by the use of a mask, the data content thereafter being unalterable. 


Memory — A medium capable of storage of information from which the information can be retrieved. 


Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or 
can be stored, and from which it can be retrieved. 


Metal-Oxide Semiconductor (MOS) — The technology involving photolithographic layering of metal and oxide to produce a 
semiconductor device. 


NMOS — A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short for N-channel 
MOS) 


Nonvolatile Memory — A memory in which the data content is maintained whether the power supplied is connected or not. 


Output Enable — A control input that, when true, permits data to appear at the memory output, and when false, causes the 
output to assume a high-impedance state. (See also chip select) 


PMOS — Atype of MOS technology in which the basic conduction mechanism is governed by holes. (Short for P-channel MOS) 


Parallel Access — A feature of amemory by which all the bits of a byte or word are entered simultaneously at several inputs or 
retrieved simultaneously from several outputs. 


Power Down — A mode of a memory device during which the device is operating in a low power or standby mode. Normally 
read or write operations of the memory are not possible under this condition. 


Program — Typically associated with EPROM memories, the procedure whereby logical 0’s (or 1‘s) are stored into various 
desired locations in a previously erased device. 


Program Enable — An input signal that when true, puts a programmable memory device into the program mode. 


Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations in any desired 
sequence with similar access time to each location. 
NOTE: The term as commonly used denotes a read/write memory. 


Read — A memory operation whereby data is output from a desired address location. 


Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term ‘‘read-only memory” implies that the content is determined by its 
structure and is unalterable. 


Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input signals and the 
stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electrical 
input signals. 


Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addressed. It can be active high 
(RAS) or active low (RAS). 


Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions and in operating 
voltages allowing improved performance. 


Semi-Static (Quasi-Static, Pseudo-Static) RAM — \n a semi-static RAM, the periphery is clock-activated (i.e., dynamic). Thus 
the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The peripheral circuitry must 
be allowed to reset after each active memory cycle for a minimum precharge time. No refresh is required. 


Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved sequentially 
form a single output. 


Static RAM (SRAM) — A read/write random-access device within which information is stored as latched voltage levels. The 
memory cell is a static latch that retains data as long as power is applied to the memory array. No refresh is required. 
The type of periphery circuitry sub-categorizes static RAMs. 
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Very-Large-Scale-Integration (VLS/) — The description of any IC technology which enables condensing over 1,000 equivalent 
gates into a single chip. 


Volatile Memory — A memory in which the data content is lost when power supplied is disconnected. 
Word — A series of one or more bits that occupy a given address location and that can be stored and retrieved in parallel. 
Write — A memory operation whereby. data is written into a desired address location. 


Write Enable — A control signal that when true causes the memory to assume the write mode, and when false causes it to 
assume the read mode. 


PART Il — OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 


The symbols for quantities involving time use upper and lower case letters according to the following historically evolved 


principles: 
a. Time itself, is always represented by a lower case t. 
b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 
C. Multiple subscripts are upper case when each letter stands for a different word, e.g., CS for chip select, PLH 


for propagation delay low to high, RMW for read, modify, write. 
Access Time 


The time between the application of a specified input pulse during a read cycle and the availability of valid data signals 
at an output. 


Example symbology: 


ta(ad, LH) Access time from address, low-to-high-level output 
ta(ad,HL) Access time from address, high-to-low-level output 
ta(CE), ta(E) Access time from chip enable 
ta(CS), ta(S) Access time from chip select 

Capacitance 


The inherent capacitance on every pin, which can vary with various inputs and outputs. 


Example symbology: 


Cj Input capacitance 
Co Output capacitance 
Ci(D) Input capacitance, data input 


Current 


High-level input current, I} 
The current into an input when a high-level voltage is applied to that input. 


High-level output current, IOH 
The current into* an output with input conditions applied that according to the product specification will establish a 


high level at the output. 


Low-level input current, I] L 
The current into an input when a low-level voltage is applied to that input. 


Low-level output current, IoL 
The current into* an output with input conditions applied that according to the product specification will establish a 


low level at the output. 


* Current out of a terminal is given as a negative value. 
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Off-state (high-impedance-state) output current (of a three-state output), 19Z 
The current into” an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 


Short-circuit output current, los 
The current into* an output when the output is short-circuited to ground (or other specified potential) with input con- 
ditions applied to establish the output logic level farthest from ground potential (or other specified potential). 


Supply current Ips, Icc, !DD, IPP 
The current into, respectively, the Vgp, Vcc. VDD, VPP supply terminals. 


* Current out of a terminal is given as a negative value. 
Cycle Time 


Read cycle time, te(rq) (See Note) 
The time interval between the start and end of a read cycle. 


Read-write cycle time, te(RW) (or read-modify-write cycle time, te(RMW) (See Note) 
The time interval between the start of acycle in which memory is read and new data is entered and the end of that cycle. 


Write cycle time, te(wr) 

The time interval between the start and end of a write cycle. 

NOTE: A cycle time is the actual time between two intervals and may be insufficient for the completion of opera- 
tions within the memory. A minimum value is specified that is the shortest time in which the memory will 
perform its read and/or write function correctly. 


Data Valid Time 


Data valid time with respect to chip select, tpv(CS) 
The interval following chip deselection during which output data continues to be valid. 


Data valid time with respect to address, tp\y (ad) 
The interval following an initial change of address during which data stored at the initial address continues to be valid 
at the output. 


Delay Time 
The time between the specified reference points on two waveforms. 


Example symbology: 


td(1 - $2) Delay time, clock 1 to clock 2 
td(PH-CEH) Delay time, precharge high to chip enable high 
tRLCH Delay time, RAS going low to CAS going high (new symbology) 
Hold Time 
Hold time, tp 


The interval during which a signal is retained at a specified input terminal after an active transition occurs at another 

specified input terminal. 

NOTES: = The hold time is the actual time between two events and may be insufficient to accomplish the in- 
tended result. A minimum value is specified that is the shortest interval for which correct operation 
of the logic element is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element 
is guaranteed. 
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Example symbology: 


th(ad) Address hold time 
th(da) Data hold time 
th(rd) Read hold time 
th(wr) Write hold time 
th(rs) Reset hold time 


Operating Free-Air Temperature 

The temperature (TA) range over which the device will operate and meet the specified electrical characteristics. 
Output Enable and Disable Time 

Output enable time (of a three-state output) to high level, tpz} (or low level, tpz,_) 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. 


Output enable time (of a three-state output) to high or low level, tpzx 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


Output disable time (of a three-state output) from high level, tp}4z (or low level, tpy_z) 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from the defined high (or low) level to a high-impedance (off) state. 


Output disable time (of a three-state output) from high or low level, tpxz 


The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


Propagation Time 
Propagation delay time, tpp 


The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 


Propagation delay time, low-to-high-level output, tpl 


The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 


Propagation delay time, high-to-low-level output, tp}HL 


The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defined low level. 


Pulse Width 


Pulse width, tw 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 


Example symbology: 


tw(CEH) Pulse width, chip enable high 
tw(CEL) Pulse width, chip enable low 
tw(clr) Clear pulse width 

tw(CS) Chip-select pulse width 
tw(d) Clock pulse width 

twirs) Reset pulse width 

tw(wr) Write pulse width 
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Refresh Time Interval 
Refresh time interval, trefresh (or tREF) 


The time interval between the beginnings of successive signals that are intended to restore the level ina dynamic memory 
cell to its original level. 


NOTE: The refresh time interval is the actual time between two refresh operations and may be insufficient to pro- 
tect the stored data. A maximum value is specified that is the longest interval for which correct operation is 
guaranteed. 

Setup Time 


Setup time, tsy 


The time interval between the application of a signal that is maintained at a specific input terminal and a specified sub- 

sequent active transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the set- 
up. Minimum value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of 
the logic element is guaranteed. 


Example symbology: 


tsu(ad) Address setup time 
tsu(da) Data setup time 
tsu(rd) Read setup time 
tsu(wr) Write setup time 


Transition Time 
Transition time, low-to-high-level, tT LH 


The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 
the defined low level to the defined high level. Also known as rise time, tr. 


Transition time, high-to-low-level, tTHL 


The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from 
the defined high level to the defined low level. Also known as fall time, tf. 


Voltage 
High-level input voltage, VjH 


An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 
variables. | 


NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of 
the logic element within specification limits is guaranteed. 


High-level output voltage, VOH 


The voltage at an output terminal with input conditions applied that according to the product specification will establish 
a high level at the output. 


Low-level input voltage, ViL 


An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of 
the iogic element within specification limits is guaranteed. 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 
A SS aE ET LL TST SESS SNES, STA IT CSE EN SA 


Low-level output voltage, Vo, 


The voltage at an output terminal with input conditions applied that according to the product specification will establish 
a low level at the output. 


Supply Voltages, Veg, Vcc, Vpp, Vpp 


The voltages supplied to the corresponding voltage pins that are required for the device to function. From one to four 
of these supplies may be necessary, along with ground, Vss. 


PART Ill — TIMING DIAGRAMS CONVENTIONS 


MEANING 
TIMING DIAGRAM INPUT: OUTPUT 
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS 
Must be steady high or low Will be steady high or low 


Rf PETE 


Wi 
High-to-low changes ill be changing from high 


to low sometime during 
permitted ; é 
designated interval 
; Will be changing from 
Low-to-high changes _ ee gi oe oe 
; to high sometime during 
permitted 


designated interval 


Ie esat Don‘t Care State unknown or changing 


Center line is high-impedance 


D t appl 
(Does not apply) off-state 


PART IV — BASIC DATA SHEET STRUCTURE 


The front page of the data sheet begins with a list of key features such as organization, interface, compatibility, opera- 
tion (static or dynamic), access and cycle times, technology (N or P channel, silicon or metal oxide gate), and power. 
In addition, the top view of the device is shown with the p/nout provided. Next a general description of the device, 
system interface considerations, and elaboration on other device characteristics are presented. The next section is an ex- 
planation of the device’s operation which includes the function of each pin (i.e., the relationship between each input 
(output) and a given type of memory). The functions basically involve starting, achieving, and ending a given type of 
memory cycle (e.g., programming or erasing EPROMs, or reading a memory location). 


Usually the next few pages contains the abso/ute maximum ratings (e.g., voltage supplies, voltage input, and tempera- 
ture) over the operating free-air temperature range. \f the device is used outside of these values, it may be permanently 
destroyed or at least it would not function as intended. Following this table is usally a functional block diagram, a flow 
chart of the basic internal structure of the device showing the signal paths for data, addresses, and control signals, as 
well as the internal architecture. Next, typically, are the recommended operating conditions (e.g., supply voltages, input 
voltages, and operating temperature). The memory device is guaranteed to work reliably and to meet all data sheet para- 
meters when operated in accord with the recommended operating conditions and within the specified timing. If the 
device is operated outside of these limits (minimum/maximum), the device’s operation is no longer guaranteed to meet 
the data sheet parameters. Operation beyond the absolute maximum ratings as just described can result in catastrophic 
failures. 
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The next section provides a table of electrical characteristics over full ranges of recommended operating conditions 
(e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, and maximum values. 
Typical values are representative of operation at an ambient temperature of TA = 25°C with all power supply voltages 
at nominal value. Next, input and output capacitances are presented. Each pin has a capacitance (whether an input, an 
output, or contro! pin). Minimum capacitances are not given, as the typical and maximum values are the most crucial. 


The next few tables involve the device timing characteristics. The parameters are presented as minimum, typical (or 
nominal), and maximum. The timing requirements over recommended supply voltage range and operating free-air 
temperature indicate the device control requirements such as hold times, setup times, and transition times. These values 
are referenced to the relative positioning of signals on the timing diagrams, which follow. The switching characteristics 
over recommended supply voltage range are device performance characteristics inherent to device operation once the 
inputs are applied. These parameters are guaranteed for the test conditions given. The interrelationship of the timing 
requirements to the switching characteristics is illustrated in timing diagrams for each type of memory cycle (e.g., 
read, write, program). 


At the end of a data sheet additional applications information may be provided such as how to use the device, graphs 
of electrical characteristics, or other data on electrical characteristics. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


Pier a Fae 

Eni ae 
hy : 

ee a ' Se RR hii Pe 


ries 


Sapee 


a 


s* 


2 
——e 


Paes es 


e's at a 


i aren | 


a 
ae 


= 2) 


v5 - 
7 f r 
‘ 4 wi. = ra = 
i: f oF 7 
= : < 
ieee . ton 7 eh 
4 : an : ae c ge : —" 
- om) PL 7 
a Ponda 
7 fo i pes < a 
_ - c a 
+ i ® j _ a , 2 7 
2'G 2 a 


7 al " - 
Bee irae 


- me 2 ; a, i id s ; ois i : 2: z F 4 id 7 - e 7 - 
aor ae Ler ee es ay - rete 7 had. of * —< 4 7 eee ; 
: ety ner Rs he = i - : ae" ’ - — ’ , . : 2 : lia ts ; oa , 
= ' _ = C2 : 7 ke é 4 ” 
e i ae 7 7 


Ack. 
<3 “a ail 


rie ne,” Bee a 
aa ‘ ca _ a — 
= j~ E : ie 2 alt io a, 7 ery ee * 7 


: ie aa or - a = 7 7 be red — ¥ ; a : — a tes 7 : A 
2 a of - = _ a Ce al vs a. ‘a cee ras es ee 
- : r i ga et dag 

~ ig pen | + a Piper 

* - af j me P Sane at PEND ate aie ok « = = a's : eri i : _ 7 7 

ls —e ia Cea) —- . eo ie eas ae a ——s a ae ae Ae be sts Sak Caen ; 
beice ka Seger a. aoe : a eater ine Meet cate SAG ip VPs oe ba oie Oe tar aS a eek sg ody) es ee ee ed 

. rl al eee we - be a iz 7 * ' 7 » on i’ 7 oe o i - > 
on Site stm ts cece!” ste mek ie} - eC ie i ea eee ee Pe eee © a SN gtk ree Gy eg eee meee Wi Le es glee 


1.0 


2.0 


LOGIC SYMBOLS 
NN 


EXPLANATION OF NEW LOGIC SYMBOLS 
FOR MEMORIES 


INTRODUCTION 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic language that can 
show the relationship of each input of a digital logic circuit to each output without showing explicitly the internal 
logic. At the heart of the system is dependency notation, which will be partially explained below. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. Lacking at that 
time a complete development of dependency notation, it offered little more than a substitution of rectangular shapes 
for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, etc. This is no longer 
the case. 


Internationally, Working Group 2 of IEC Technical Committee TC-3 is preparing a new document (Publication 617-12) 
that will consolidate the original work started in the mid 1960’s and published in 1972 (Publication 117-15) and the 
amendments and supplements that have followed. Similarly for the USA, IEEE Committee SCC 11.9 is revising the 
publication IEEE Std 91/ANSI Y32.14. Texas Instruments is participating in the work of both organizations and this 
1980 Edition of the MOS Memory Data Book introduces new logic symbols in anticipation of the new standards. When 
changes are made as the standards develop, future editions of this book will take those changes into account. 
Unfortunately, time and publication schedules have prevented the preparation of symbols for all the devices. This work 
will continue. 


The following explanation of the new symbolic language is necessarily brief and greatly condensed from what the 
standards publications will finally contain. This is not intended to be sufficient for those people who will be developing 
symbols for new devices. It is primarily intended to make possible the understanding of the symbols used in this book. 


EXPLANATION OF A TYPICAL SYMBOL 


The TMS 2114 symbol will be explained in detail. This symbol includes almost all the features found in the others. 
Section 3.0, Diagramatic Summary, should be referred to while reading this explanation. 


By convention all input lines are located on the left and output lines are 
located on the right. When an exception is made, an arrowhead shows reverse 
signal flow. The input/output lines (DQ1 through DO4) illustrate this. 


TMS 2114 


The polarity indicator Gs indicates that the external low level causes the 
internal 1 state (the active state) at an input or that the internal 1 state causes 
the external low level at an output. The effect is similar to specifying positive 
logic and using the negation symbol o . 


The rest of this discussion concerns features inside the symbol outline. The 
address inputs are arranged in the order of their assigned binary weights and 
the range of the addresses are shown as A+ where m is the decimal equivalent 
of the lowest address and n is the highest. The inputs and outputs affected by 
these addresses are designated by the letter A. 


The letter Z followed by a number is used to transfer a signal from one point 
in a symbol to another. Here the signal at output A,Z3 transfers to the 3 at 
the left side of the symbol in order to form an input/output port. The A 
means the output comes from the storage location selected by the address 
inputs. 


The V symbol designates a three-state output. Three-state outputs will always 
be controlled by an EN function. When EN stands at its internal 1 state, the 
Outputs are enabled. When EN stands at its internal O state, the three-state 
outputs stand at their high-impedance states. 
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Since the boxes associated with DO2, DOQ3, and DO4 have no internal qualifying symbols, it is to be understood that 
these boxes are identical to the box associated with DQ1. 


Any D input is associated with storage. Whatever internal state is taken on by the D input is stored. The letter A (in 
A,Z3) indicates that the state of the D input will be stored ina cell selected by the A inputs. If the D input is disabled, 
the storage element retains its content. 


Various types of relationships between ports can be indicated by what is called dependency notation. A letter indicating 
the type of dependency (e.g., C, G, Z) is placed at the affecting input (or output) and this is followed by a number. 
Each affected input (or output) is labeled with that same number. The Z symbol explained above is one form of 
dependency notation. Several other types of dependency have been defined but their use has not been anticipated in 
this book. 


The numeral 2 at the D input indicates that the D input is affected by another input, in this case a C input (i.e., 102). 
When a C input stands at its internal 1 state, it enables the affected D input(s). When the C input stands at its internal 


0 state, it disables the D input(s) so that it (they) can no longer alter the contents of the storage element(s). 


The C input is itself affected by another input. The numeral 1 in front of the C shows that a dependency relationship 
exists with a G input. The letter G indicates an AND relationship. When a G input stands at its internal 1 state (low in 
this case), the affected inputs (EN and C2 here) are enabled. When the G input stands at its internal O state, it imposes 
the O state on the affected inputs. 


Pin 10 has two functions. Its function as a C input has just been explained. Note that for the C input function to stand 
at its 1 state, pin 10 must be low and pin 8 must also be low. The other function of pin 10 is as an EN input. This 
controls the 3-state outputs. This EN input is also affected by the AND relationship with pin 8 so for the EN function 
to stand at its internal 1 state (enabling the outputs), pin 10 must be high and pin 8 must be low. 


Labels within square brackets are merely supplementary and should be self-explanatory. 


If you have questions on this Explanation of New Logic Symbols, please contact: 


F.A.Mann MS84 
Texas Instruments Incorporated 
P.O. Box 225012 
{ Dallas, Texas 75265 
Telephone (214) 238-3746 


{EEE Standards may be purchased from: 


Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 


New York, N.Y. 10017 
International Electrotechnical Commission (IEC) publications may be purchased from: 
American National Standards Institute, Inc. 


1430 Broadway 
New York, N.Y. 10018 
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DIAGRAMATIC SUMMARY 


INPUTS 


Active H (high) 


G (AND) DEPENDENCY 


Active L (low) " G5 - = 
- b 5 7 
Active on L-to-H transition 
Active on H-to-L transition 
C (CONTROL) DEPENDENCY 
INPUT/OUTPUT [STORAGE] 
7 a C2 a 
on ie Gee b 2D ~ b R [Reset] 
OUTPUTS 
— =< Z (INTERCONNECTION) DEPENDENCY 
Active high 


aw < 


Active low* a 4 zZ4 a 
Open-Circuit (L-type)t nictiade son gt a 
Open-Circuit (H-type)+ 


COMMON CONTROL BLOCK 


* The active-low indicator may be used in combination with the 3- 


state and open-circuit indicators. 
Tike -types include N-channel open-drain and P-channel open-source 
a outputs. 
- H-types include P-channel open-drain and N-channel open-source 
outputs. 
b 
Cc 
d 
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